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THE  PORT  OF  NEW  YORK  AUTHORITY 


75  WEST  STREET 
NEW  YORK 

January  20,  1923. 

To  the  Commissioners  of  The  Port  of  New  York  Authority: 
Gentlemen: 

It  is  appropriate  to  report  herewith  on  the  progress  made  in  constructing 
the  Hudson  River  Bridge.  This  project  involves  a  bridge  of  the  suspension 
type,  with  a  single  span  of  3,500  feet,  over  the  Hudson  River  between  upper 
Manhattan,  New  York  City,  and  Fort  Lee,  New  Jersey.  The  length  of  span 
is  twice  that  of  any  suspension  bridge  heretofore  built  or  now  in  course  of 
construction.  The  completion  of  this  structure  will  mark  an  epoch  in  engi- 
neering achievement. 

A  year  has  elapsed  since  arrangements  were  completed  for  financing  this 
undertaking.  The  financing  was  effected  by  the  Port  Authority  authorizing 
an  issue  of  sixty  million  dollars,  Port  of  New  York  Authority,  New  York- 
New  Jersey  Interstate  Bridge  Gold  Bonds,  twenty  millions  of  which  were 
sold  December  9,  1926,  to  a  group  of  underwriters  headed  by  the  National 
City  Company  of  New  York ;  and  by  the  States  of  New  York  and  New  Jersey, 
by  appropriate  legislation,  making  available  to  the  Port  Authority  the  sum 
of  ten  million  dollars. 

The  twenty  millions  of  bonds  sold  to  the  public  bear  interest  at  the  rate  of 
4  per  cent.  They  were  sold  to  the  public  on  a  basis  to  yield  4.20  per  cent  and 
are  today  selling  in  the  open  market  on  a  four  per  cent  yield  basis. 

This  is  to  be  a  toll  bridge.  The  Port  Authority's  bonds  are  secured  by  a 
first  lien  on  the  revenues  which  will  be  derived  from  the  tolls. 

The  monies  advanced  to  the  Port  Authority  by  the  two  states  as  an  aid 
in  the  construction  of  the  bridge,  will  be  repaid  to  the  states,  together  with 
interest  at  the  rate  of  four  per  cent. 

The  Port  Authority  is  building  the  bridge  pursuant  to  authority  conferred 
by  joint  action  of  the  States  of  New  York  and  New  Jersey.  The  legislation 
committing  the  project  to  the  Port  Authority  recognizes  the  fact  that  the 
bridge,  although  it  is  to  be  paid  for  out  of  tolls,  is  in  all  respects  for  the  benefit 
of  the  people  of  the  two  states  and  that  the  Port  Authority  shall  be  regarded 
as  performing  a  governmental  function  in  undertaking  its  construction, 
maintenance  and  operation. 
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Estimates  of  cost  of  the  structure  and  revenues  which  will  be  available 
to  meet  interest  charges  and  amortize  the  debt,  are  set  forth  in  the  attached 
report  of  the  Chief  Engineer  of  Bridges. 

As  soon  as  arrangements  for  financing  had  been  completed,  steps  were 
undertaken  to  acquire  property  required  for  right-of-way  to  accommodate  the 
bridge  structure  and  the  plazas  and  approaches  thereto;  and  final  plans  were 
prepared.  Preliminary  studies  which  had  been  proceeded  with  during  the 
latter  part  of  1925  and  the  early  part  of  1926,  to  determine  the  economic 
practicability  of  the  project,  had  theretofore  been  concluded. 

As  of  the  date  of  this  report,  construction  contracts  have  been  let  to  the 
amount  of  $24,357,000,  which  sum  represents  sixty-four  per  cent  of  the  esti- 
mated cost  of  all  construction  work  required  to  open  the  bridge  to  traffic. 
Pioperl  \  needed  for  plazas  and  approaches  has  been  acquired  in  the  amount 
of  $2,870,327.  About  61  per  cent  of  the  area  needed  has  been  acquired. 
Practically  all  of  this  property  has  been  acquired  b\  purchase,  condemnation 
having  been  resorted  to  in  only  a  few  instances. 

Progress  up  to  this  time  in  forwarding  all  phases  of  the  work  has  proceeded 
most  satisfactorily,  for  which  credit  is  due  the  Chief  Engineer  of  Bridges,  Air. 
0.  H.  Amniann,  and  his  Staff,  and  the  members  of  our  Legal  and  Ileal  Estate 
Departments. 

I  also  wish  to  make  acknowledgment  of  the  very  splendid  cooperation 
of  Honorable  James  J.  Walker,  Mayor  of  the  City  of  New  York;  Honorable 
Joseph  V.  McKee,  President  of  the  Board  of  Aldermen;  Honorable  Julius 
Miller,  President  of  the  Borough  of  Manhattan;  Honorable  Walter  R.  Herrick, 
Park  Commissioner,  Department  of  Parks;  the  members  of  the  Board  of 
Estimate  and  Apportionment  of  the  City  of  New  York;  Honorable  Edward 
A.  White,  Mayor  of  the  Borough  of  Fort  Lee,  and  the  members  of  the  Borough 
Council  of  Fort  Lee;  the  members  of  the  Palisades  Interstate  Park  Commis- 
sion; also  to  the  Interstate  Hudson  River  Bridge  Association  of  New^  York, 
the  Interstate  Hudson  River  Bridge  Association  of  New  Jersey,  the  Bronx 
Board  of  Trade,  the  Washington  Heights  Chamber  of  Commerce,  the  Harlem 
Board  of  Commerce,  the  Fort  Lee  Board  of  Trade,  the  Real  Estate  Board  of 
the  Palisades,  and  the  Rotary  Club  of  Fort  Lee. 

I  respectfully  submit  herewith  the  report  of  the  Chief  Engineer  of  Bridges, 
which  sets  forth  in  some  considerable  detail  the  principal  problems  involved 
in  the  planning  of  the  bridge  and  progress  made  so  far  in  its  construction. 

J.  E.  Ramsey, 

Chief  Executive  Officer. 


REPORT  BY  THE  CHIEF  ENGINEER  OF  BRIDGES 


January  3,  1928. 

Mr.  J.  E.  Ramsey,  Chief  Executive  Officer 

Dear  Sir:  On  February  25,  1926,  a  tentative  report  was  rendered  on 
the  preliminary  work  of  planning  the  Hudson  River  Bridge  between  Fort 
Washington  and  Fort  Lee,  and  certain  tentative  conclusions  were  offered 
indicating  the  most  feasible  and  economical  location  and  type  of  bridge,  its 
feasibility  from  an  engineering  point  of  view,  its  probable  cost,  and  the 
possibility  of  its  being  built  upon  a  financially  self-supporting  basis. 

Near  the  end  of  1926,  the  preliminary  studies  were  brought  to  a  point 
where  steps  could  be  taken  towards  the  definite  financing  of  the  project. 

The  plans  for  the  bridge  were  submitted  to  the  U.  S.  District  Engineer, 
First  District,  and,  after  a  public  hearing  on  December  2,  1926,  were  promptly 
approved  by  the  United  States  Chief  of  Engineers  and  the  Secretary  of  War, 
on  December  13,  1926. 

After  the  financing  was  effectuated  on  December  9,  1926,  by  the  sale  of 
$20,000,000  Port  Authority  Bonds  as  a  first  installment  of  the  authorized  issue 
of  $60,000,000,  immediate  steps  were  taken  towards  the  carrying  out  of  the 
project. 

By  the  end  of  1926  the  final  borings  for  the  foundation  work  were  well 
under  way,  and  today  construction  work  to  the  amount  of  nearly  $25,000,000 
is  contracted  for  and  in  course  of  execution. 

Formal  ground  breaking  ceremonies  took  place  on  September  21,  1927. 

SUMMARY  OF  PROGRESS  WORK 

Briefly  the  following  work  has  been  done  since  the  tentative  report  of 
February  25,  1926,  was  rendered: 

The  analysis  of  the  comprehensive  counts  of  vehicular  traffic  across  the 
Hudson  River  from  the  Battery  to  Tarrytown  has  been  brought  to  conclu- 
sion and  corrected  estimates  of  traffic  likely  to  be  diverted  to  the  Bridge, 
have  been  prepared.  These  traffic  studies  are  being  continuously  supple- 
mented by  the  collection  of  the  latest  available  information  and  will  furnish 
valuable  information  for  the  planning  of  additional  transportation  facilities 
between  New  York  and  New  Jersey. 
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A  comprehensive  study  and  analysis  of  passenger  traffic  was  undertaken, 
and,  based  thereupon,  conclusions  w  ere  arrived  at  relative  to  the  question  of 
provision  for  such  traffic  on  the  bridge  and  approaches.  This  question  was 
also  discussed  with  the  Engineers  of  the  various  Transit  Commissions  and  of 
the  Regional  Plan  Committee,  whose  opinions  concur  in  general  with  those 
of  the  Port  Authority  Staff  to  the  effect  that  provision  for  the  later  addition 
of  at  least  four  rapid  transit  tracks  should  be  made. 

The  engineering  design  of  the  bridge  and  approaches  has  undergone 
repeated  thorough  revision  and  recalculation,  and  unusually  elaborate  and 
detailed  contract  plans  and  specifications  have  been  prepared.  In  the  revision 
of  the  plans  due  consideration  has  been  given  to  criticism  and  suggestions 
by  other  engineers.  Certain  important  questions  have  been  submitted  to 
and  passed  upon  by  Mr.  Gustav  Lindenthal,  Consulting  Engineer.  Many 
questions  regarding  quality  of  materials,  workmanship  and  erection  procedure 
have  been  submitted  to  and  discussed  with  the  leading  manufacturers  and 
their  engineers  with  a  view  to  determine  not  only  the  best  and  most  economical 
but  the  most  practicable  solutions. 

The  architectural  features  of  the  towers,  anchorages  and  approaches 
have  been  revised  and  considerably  improved,  and  detailed  architectural 
drawings  for  same  have  been  elaborated  by  the  Architect,  Mr.  Cass  Gilbert. 
A  number  of  additional  perspective  views  illustrating  the  appearance  of  the 
structure  are  submitted  herewith. 

Additional  field  surveys,  with  repeated  accurate  triangulations  across  the 
Hudson  River,  to  tie  together  accurately  the  surveys  on  both  sides,  as  well 
as  the  preparation  of  detailed  topographical  and  property  maps,  have  been 
proceeding  almost  uninterruptedly. 

Additional  river  borings  more  particularly  at  the  site  of  the  New  Jersey 
tower,  to  determine  more  fully  the  surface  and  character  of  rock  upon  which 
the  tower  is  to  rest,  were  undertaken  promptly  after  construction  funds  became 
available  and  were  completed  in  time  to  permit  the  beginning  of  foundation 
work  without  delay. 

Based  upon  the  results  of  the  borings  Dr.  Chas.  P.  Berkey,  Professor  at 
Columbia  University,  who  has  been  retained  by  the  Port  Authority  as  Con- 
sulting Geologist,  has  made  a  thorough  investigation  of  the  geological  condi- 
tions at  the  bridge  site,  more  particularly  of  the  character  of  the  rock  forma- 
tions, and  his  findings  fully  corroborated  the  conclusions  of  the  Staff  regarding 
the  suitability  of  the  rock  to  carry  the  weight  of  the  structure. 

A  like  investigation  with  similar  conclusions  was  made  of  the  suitability 
of  the  Palisades  Cliffs  to  resist  the  enormous  pull  of  the  cables  which  are  to  be 
anchored  in  that  hard  and  solid  rock  formation. 

More  thorough  consideration  has  been  given  to  the  arrangement  of 
approaches  and  highway  connections  and  the  effect  of  the  bridge  on  the  high- 
way situation.    Formal  negotiations  have  been  carried  on  with  the  Municipal 
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and  State  Highway  Officials  in  New  York  and  New  Jersey  with  a  view  to 
obtain  their  cooperation  in  the  solving  of  this  important  problem  and  their 
approval  of  the  Port  Authority's  plans  for  the  approaches. 

On  May  19,  1927,  a  contract  was  awarded  for  the  foundations  of  the  New 
Jersey  tower  and  work  on  this  foundation  was  started  promptly  thereafter. 
The  work  of  building  the  two  large  open  cofferdams  enclosing  the  foundation 
work  has  been  proceeding  steadily  since,  as  scheduled,  and  is  now  completed. 
The  placing  of  the  concrete  for  the  foundations  proper  is  now  under  way  and 
is  expected  to  be  completed  within  schedule  time. 

On  June  18,  1927,  a  contract  was  let  for  the  rock  excavation  for  the  New 
Jersey  anchorage  and  approach.  The  work  under  this  contract  has  been 
proceeding  satisfactorily  since. 

On  October  3,  1927,  after  nearly  three  months  of  preparatory  work  by 
the  manufacturers,  bids  were  received  for  the  fabrication  and  erection  of  the 
entire  steelwork  of  the  main  bridge,  embracing  approximately  100,000  tons 
of  steel.  Contracts  were  awarded  on  October  13,  1927,  and  elaborate  prepara- 
tions for  the  fabrication  have  been  proceeding  since.  Rolling  of  steel  for  the 
towers  has  been  started. 

DESCRIPTION  OF  PLANS 
ESTIMATES  OF  COST,  TRAFFIC  AND  REVENUE 

The  accompanying  maps,  general  drawings  and  perspective  views  illus- 
trate the  principal  parts  of  the  project.  The  following  gives  a  brief  descrip- 
tion of  the  plans,  summary  of  traffic  volume  and  revenue  expected  therefrom. 

Location,  Type  and  General  Proportions 

The  general  location  of  the  bridge  is  defined  by  the  Legislative  Acts  of 
the  States  of  New  York  and  New  Jersey  as  being  between  170th  and  185th 
Streets  in  Manhattan,  New  York  City,  and  points  approximately  opposite 
thereto  in  the  borough  of  Fort  Lee,  New  Jersey. 

This  location  is  well  chosen  for  a  bridge  crossing,  with  respect  to  both  the 
topography  and  geographical  conditions.  The  ground  on  both  sides  of  the 
river  in  that  vicinity  rises  to  a  height  of  200  feet  and  more,  thus  permitting 
short,  comparatively  inexpensive,  approaches.  There  is  a  marked  traffic 
demand  in  that  neighborhood  and  it  is  feasible  to  connect  the  bridge  with 
important  highway  arteries  on  both  sides  of  the  river. 

Within  these  limits  defined  by  the  statutes,  there  is  one  outstanding 
location  which  has  been  chosen  for  the  bridge  site,  namely  on  a  line  parallel 
to  and  midway  between  178th  and  179th  Streets,  Manhattan.  It  is  con- 
spicuously favorable  inasmuch  as  it  permits  a  minimum  length  of  river  span, 
the  rocky  point  of  the  promontory  which  forms  Washington  Park  offering 
a  solid  bed  for  a  bridge  pier  nearest  to  the  New  Jersey  shore. 
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On  the  New  Jersey  side,  a  bridge  pier  has  been  located  within  the  pierhead 
line  established  by  the  War  Department,  since  the  borings  indicated  conclu- 
sively that  it  can  be  built  there  with  foundations  reaching  to  a  solid  bed  of 
rock  not  more  than  one  hundred  feet  below  the  water  level,  whereas  a  pier 
placed  further  out  would,  on  account  of  the  rapidly  increasing  depth  to 
rock  and  the  soft  overlying  strata,  become  much  more  expensive,  if  not 
impracticable. 

Thus  the  central  span  of  the  bridge  becomes  3,500  feet  between  centers 
of  towers  and  leaves  the  river  between  pierhead  lines  entirely  free  of  obstruc- 
tions to  navigation. 

The  top  of  the  rocky  cliffs  of  the  Palisades  forms  a  natural  abutment  and 
offers  a  solid  anchorage  for  the  cables  of  a  suspension  bridge  on  the  New 
Jersey  side.  For  the  sake  of  symmetry,  which  is  essential  for  good  appearance, 
the  side  span  on  the  New  York  side  is  made  the  same,  or  about  650  feet,  and 
the  total  length  of  the  bridge  proper  between  abutments  or  anchorages  thus 
becomes  approximately  4,800  feet. 

The  elevation  of  the  bridge  floor,  as  determined  by  the  height  of  the 
connecting  streets  on  both  sides  of  the  river,  is  253  feet  above  water  level. 
It  leaves  a  clear  height  of  195  feet  above  mean  high  water  at  the  towers  and 
213  feet  at  the  center  of  the  bridge  under  normal  temperature  and  without 
load.  Under  a  combination  of  extreme  high  temperature  and  full  load,  a 
condition  not  likely  ever  to  occur,  the  floor  would  sag  to  203  feet  in  the  clear 
at  the  center. 

This  clearance  compares  as  follows  with  that  of  a  number  of  other  bridges 
across  important  waterways  capable  of  carrying  first-class  ocean  going  vessels. 
The  five  East  River  Bridges  in  New  York  have  a  clear  height  of  135  feet  for 
a  width  of  channel  of  400  feet,  decreasing  to  from  114  to  126  feet  at  the  pier- 
head lines.  The  recently  completed  Delaware  River  Bridge  at  Philadelphia 
provides  for  135  feet  clear  height  for  a  width  of  800  feet.  The  St.  Lawrence 
River  Bridge  at  Quebec  has  a  clearance  of  150  feet  for  a  width  of  600  feet  and 
the  bridge  at  the  entrance  to  Sydney  Harbor,  Australia,  now  under  construc- 
tion, will  have  170  feet  clear  height  for  a  width  of  600  feet.  The  Hudson  River 
Bridge  will  thus  provide  for  the  entire  width  between  pierhead  lines,  about 
3,100  feet,  a  clear  height  60  feet  greater  than  that  under  the  East  River  bridges 
and  25  feet  greater  than  that  under  the  next  highest  bridge  over  any  waterway 
admitting  passage  of  large  ocean  going  vessels.  The  bridge  has  thus  ample 
height  for  the  passage  of  the  largest  vessels  which  are  likely  to  go  up  the  river 
beyond  this  location.  This  fact  is  unquestionably  reflected  in  the  prompt 
approval  of  the  plans  by  the  War  Department. 

The  suspension  type  of  bridge  has  been  selected  as  being  the  most  suitable, 
not  only  on  account  of  its  superior  economy  for  such  a  great  span,  but  also 
because  of  its  light  and  graceful  appearance. 

A  fair  conception  of  the  size  and  proportions  of  the  bridge  may  be  formed 
by  the  following  comparison  with  the  recently  completed  Delaware  River 
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Bridge  at  Philadelphia,  now  the  longest  existing  suspension  span,  and  with 
the  Brooklyn  Bridge  across  the  East  River,  which  a  generation  ago  far  out- 
ranked in  size  any  other  similar  structure. 

Hudson  River   Delaware  River  Brooklyn 

bridge              bridge  bridge 

Year  of  completion                                                    1932            1926  1883 

Length  of  river  span                                                3 ,500  ft.       1 ,750  ft.  1 ,595  ft. 

Length  of  side  span                                                    650  ft.*        752  ft.*  930  ft. 

Total  length  between  anchorages                                4,800  ft.       3,253  ft.  3,455  ft. 

Total  length  of  bridge  and  approaches  (between  plazas)      7 ,800  ft.       8 ,240  ft.  8 ,016  ft. 

Clear  height  above  water                                              200  ft.          135  ft.  135  ft. 

Height  of  towers  above  water                                       635  ft.          380  ft.  275  ft. 

Width  of  bridge  floor  (over  all)                                      118  ft.          125  ft.  86  ft. 

Traffic  capacity: 

Sidewalks                                                              2                 2  1 

Roadway  lanes                                                       8                 6  4f 

Electric  railway  tracks                                               4                 4  2 

Total  number  traffic  lanes                                  14               12  7 

Weight  of  suspended  structure                                 90 ,000  tons  40 ,000  tons  16,000  tons 

Strength  of  carrying  cables                                     350  ,000  tons  120 ,000  tons  45,000  tons 


*  Center  to  center  of  cable  saddles, 
t  Includes  two  car  tracks  on  roadway. 

Feasibility  and  Safety  of  Bridge 

These  unprecedented  proportions  of  the  bridge,  more  particularly  its 
great  span,  being  exactly  twice  the  longest  suspension  span  in  existence 
have  given  rise  to  the  question  on  the  part  of  laymen  as  to  whether  the  building 
of  this  bridge  is  feasible. 

Engineers  familiar  with  the  design  and  construction  of  large  bridges  have 
pointed  out  from  time  to  time  that  the  feasibility  of  building  a  bridge  of  as 
long  a  span  as  3,500  feet  and  more  is  essentially  a  question  of  economy,  and 
that  the  span  length  and  size  of  a  bridge  has  nothing  whatsoever  to  do  with 
its  safety  either  during  erection  or  after  completion. 

The  feasible  limit  of  span  is  reached  when  the  amount  of  metal  required 
to  carry  a  given  load  becomes  excessive  in  cost  and  not  because  the  safety  is 
impaired.  The  physical  limit  of  span  is  reached  when  no  amount  of  metal 
can  safely  carry  more  than  its  own  weight.  The  latter  limit  can  be  mathe- 
matically determined  for  the  safe  strength  of  any  given  material,  and  has  been 
calculated  by  various  authorities  at  10,000  feet  and  more. 

A  most  exhaustive  investigation  into  the  feasibility  of  building  a  single 
span  to  carry  heavy  railroad  traffic  across  the  Hudson  River  was  made  in 
1894,  by  a  Board  of  Engineer  Officers  appointed  by  the  Secretary  of  War,  and 
composed  of  Major  C.  W.  Raymond,  Captain  Wm.  H.  Bixby  and  Captain 
Edw.  Burr,  of  the  Corps  of  Engineers,  and  also  by  a  Board  of  Engineers, 
appointed  by  the  President  of  the  United  States,  and  composed  of  C.  W. 


Progress  Report  on  Hudson  River  Bridge 


21 


Raymond,  Major,  Corps  of  Engineers,  Mr.  C.  Bauscaren,  Mr.  W.  H.  Burr, 
Mr.  Theodore  Cooper  and  Mr.  Geo.  S.  Morison.  (See  Senate  Ex.  Doc.  No. 
12,  53rd  Congress,  3rd  Session.) 

The  Board  of  Engineer  Officers  reported  a  span  of  4,335  feet  as  the  maxi- 
mum span  practicable  from  the  engineering  point  of  view,  and  the  Board  of 
Engineers  reported  that  a  single  span  across  the  Hudson  River  from  pierhead 
to  pierhead,  assumed  to  be  3,100  feet  long  and  to  carry  railroad  traffic,  was 
safe  and  practicable. 

Since  then  considerable  advances  have  been  made  in  the  design  of  bridges. 
The  quality  of  material  has  been  improved  and  its  strength  has  been  greatly 
increased,  and  manufacture  and  erection  are  accomplished  with  greater 
accuracy  and  speed  and  with  more  careful  and  thorough  inspection,  so  that 
today  the  building  of  much  longer  spans  than  3,500  feet  has  become  entirely 
feasible  and  safe. 

The  erection  of  a  suspension  bridge  is  in  general  safer  than  that  of  other 
types,  and  the  detailed  design  studies  made  for  the  Hudson  River  Bridge  have 
shown  conclusively  that  its  construction  involves  no  extraordinary  or  hazard- 
ous operations.  The  installation  of  some  new  and  more  powerful  equipment 
will  be  required  and  justified  to  expedite  the  work  and  reduce  its  cost,  but  no 
means  and  methods  of  fabrication  and  erection  will  be  necessitated  with  which 
the  large  bridge  manufacturers  are  not  familiar. 

A  glance  at  the  accompanying  table  showing  various  record  spans  of 
suspension  bridges  built  since  1800  indicates  that  the  bridge  represents  merely 
one  further  milestone  in  the  course  of  progressive  increase  in  span  length 
during  the  past  125  years. 

General  Characteristics  of  Design 

In  the  conception  and  development  of  the  design  of  the  proposed  bridge 
the  guiding  motives,  from  an  engineering  point  of  view,  have  been  purity  of 
type,  simplicity  of  structural  arrangement,  and  ease  and  expediency  of  con- 
struction, these  motives  being  compatible  with  true  economy,  greatest  safety 
and  utility  and  with  good  appearance.  The  principal  elements  of  the  structure 
and  their  functions  are  simple  and  clearly  defined.  The  straight,  or  slightly 
cambered,  floor  is  suspended  vertically  from  two  cables  throughout  its  length. 
The  cables  pass  over  the  towers  and  hang  free  in  their  natural  graceful  cate- 
nary, unencumbered  by  a  network  of  bracing,  and  are  securely  anchored  at 
their  ends  to  the  solid  mass  of  bedrock  on  the  one  side  and  to  a  massive  block 
of  masonry,  founded  on  rock,  on  the  other.  The  towers  which  support  the 
cables  vertically  are  plain  and  massive  pillars,  and  deliver  their  enormous 
loads  to  foundations  on  solid  bedrock. 

A  controlling  aim  in  the  development  of  the  design  has  been  to  permit  the 
later  enlargement,  or  increase  in  capacity,  of  the  bridge  and  its  approaches 
after  its  initial  opening  to  traffic.  In  a  bridge  of  this  size,  such  an  arrangement 
is  of  deciding  economic  advantage.    It  permits  the  opening  of  the  bridge  to 
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traffic,  years  in  advance  of  the  final  completion,  it  effects  a  large  saving  in 
initial  cost  and  in  interest  during  construction  and  after  completion,  and, 
finally,  allows  greater  flexibility  in  the  accommodation  of  traffic  to  suit  chang- 
ing conditions. 

In  attacking  the  problem  of  designing  this  bridge,  it  was  also  realized 
that  more  than  usual  attention  must  be  paid  to  the  aesthetic  side,  not  only 
because  of  the  monumental  size  and  conspicuous  location  of  the  bridge  in  the 
midst  of  a  charming  landscape,  but  because  the  bridge  will  be  built  to  last  for 
generations  and  should  be  handed  down  to  posterity  as  a  truly  monumental 
structure,  which  will  cast  credit  upon  the  aesthetic  sense  of  the  present  genera- 
tion. While  the  general  outlines  and  proportions  were  dictated  by  engineering 
requirements;  certain  parts  such  as  towers,  anchorages  and  approaches  called 
for  careful  architectural  treatment  and  dignified  appearance. 

It  has  been  considered  highly  desirable  so  to  design  the  structure  as  to 
permit  a  practically  unobstructed  view  from  the  roadway  deck  and  sidewalks 
and  to  have  overhead  only  the  slender  cables  and  suspenders  extending  above 
the  floor,  but  no  truss  work  or  bracing  whatsoever.  This  also  allows  the 
freest  circulation  of  air  at  the  roadway  and  thus  adds  to  the  pleasure  and  com- 
fort of  riding  over  the  bridge. 

Loads,  Wind  and  Temperature  Forces 

The  loads  and  forces  which  will  act  on  this  bridge  are  so  complex  and  attain 
such  magnitude  that  they  had  to  be  most  carefully  considered  with  a  view  to 
secure  ample  safety  against  any  combination  of  forces  which,  under  reasonable 
assumptions,  appears  possible. 

Fortunately  the  problem  is  greatly  simplified  by  the  facts  that  the  struc- 
ture and  its  stress  action  are  simple,  and,  further,  that  the  dead  weight,  which 
can  be  accurately  determined,  is  the  predominate  force.  The  other  forces, 
such  as  moving  loads,  impact,  wind,  temperature,  etc.,  being  relatively  small, 
when  compared  with  the  dead  load,  uncertainties  as  to  their  magnitude  and 
effect  are  much  less  significant  than  in  smaller,  relatively  lighter,  structures. 

The  dead  load  of  the  suspended  structure  is  in  the  average  39,000  pounds 
per  linear  foot  in  the  center  span,  and  40,700  pounds  per  linear  foot  in  the  side 
spans,  or  from  four  to  five  times  the  greatest  live  load  which  is  likely  ever 
to  move  across  the  bridge. 

For  the  proportioning  of  parts  of  the  structure  which  will  be  affected  by 
individual  load  concentrations  the  heaviest  existing  vehicles  have  been  assumed, 
with  liberal  allowance  for  possible  future  increases  and  for  the  impact  effect 
produced  by  vehicles  moving  at  high  speed.  There  are  to  be  no  restrictions 
as  to  speed,  except  such  as  are  advisable  for  the  safety  of  traffic. 

Consistent  with  increased  distribution  and  variety  of  load  units  and  their 
decreasing  compound  impact  effect,  the  intensity  of  the  assumed  load  and  its 
impact  effect  has,  by  appropriate  and  convenient  formulae,  been  reduced,  both 
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with  increasing  length  of  load  and  with  increasing  number  of  load  lanes  which 
produce  the  greatest  stresses. 

Thus  the  roadway  flooring  has  been  proportioned  for  a  twenty-five  ton 
truck  with  75  per  cent  impact,  which  corresponds  to  an  average  of  440  pounds 
per  square  foot  of  floor  space  or  4,400  pounds  per  linear  foot  of  lane. 

For  the  sixty  foot  roadway  stringers,  affected  by  a  single  lane  of  traffic 
the  load  with  58  per  cent  impact  is  324  pounds  per  square  foot  or  3,240  pounds 
per  linear  foot  of  lane.  For  the  roadway  floorbeams,  which  carry  two  sixty 
foot  panels  and  eight  lanes  of  vehicles,  the  load  with  17  per  cent  impact  is  140 
pounds  per  square  foot  or  an  average  of  1,400  pounds  per  linear  foot  of  lane. 

For  the  cables,  towers  and  anchorages,  which  get  their  maximum  stress 
from  load  on  the  entire  bridge  and  for  which  impact  is  negligible  the  five  load 
has  been  assumed  at  8,000  pounds  per  linear  foot  of  bridge.  This  corresponds 
to  a  load  composed  of  ten-ton  vehicles  spaced  on  an  average  fifty  feet  on  centers 
or  five-ton  vehicles  spaced  twenty-five  feet  on  centers  on  all  eight  roadway 
lanes  on  the  upper  floor  and  heaviest  rapid  transit  trains,  one  train  length 
apart,  on  all  four  electric  railway  tracks  on  the  lower  floor,  a  load  condition 
which  is  not  likely  ever  to  occur. 

For  the  proportioning  of  the  main  lateral  or  wind  bracing  along  the  floor 
and  of  the  towers  a  wind  pressure  of  1,500  pounds  per  linear  foot  of  bridge 
has  been  assumed.  Proper  allowance  has  been  made  for  the  fact  that  a  portion 
of  the  floor  wind  force  is  transmitted  to  the  cables  and  by  the  latter  carried 
to  the  tops  of  the  towers. 

A  maximum  change  in  temperature  of  plus  or  minus  fifty-five  degrees 
from  normal  has  been  used  as  a  basis  for  calculating  stresses,  thereby  set  up 
in  the  structure,  and  a  change  of  seventy-five  degrees  from  normal  has  been 
assumed  in  allowing  for  temperature  expansions. 

Floor  Structure  and  Its  Traffic  Capacity 

The  floor  structure  is  arranged  with  two  decks  of  which  the  upper  one 
is  to  serve  vehicular  and  pedestrian  traffic  exclusively  and  the  lower  one  is 
reserved  for  rapid  transit  traffic. 

The  floor  structure  is  very  simple.  In  each  deck  simple  span  floor-beams, 
sixty  feet  apart,  suspended  at  their  ends  from  the  cables,  carry  the  longi- 
tudinal floor-stringers,  which  in  turn  support  the  flooring. 

The  upper  floor  is  divided  into  two  outside  roadways,  each  twenty-four 
feet  wide,  a  central  roadway  forty  feet  wide  and  two  sidewalks.  The  central 
roadway  will  accommodate  four  lanes  of  traffic  of  the  heaviest  type,  having 
been  proportioned  to  carry  safely  trucks  of  25  ton  weight  moving  at  fast  speed. 
Each  of  the  outside  roadways  will  conveniently  accommodate  two  lanes  and 
in  an  emergency,  or  intermittently,  three  passenger  cars  side  by  side.  They 
will  be  proportioned  for  vehicles  not  in  excess  of  fifteen  tons,  moving  at  high 
speed.    The  central  roadway  and  the  footwalks  are  to  constitute  the  initial 
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capacity  of  the  bridge.  The  traffic  studies  indicate  that  it  will  be  sufficient  to 
meet  the  traffic  demand  for  at  least  five,  possibly  ten  years  after  the  opening 
of  the  bridge,  since  the  bridge  will  be  capable  of  accommodating  a  yearly 
traffic  of  from  twelve  to  fifteen  million  vehicles. 

It  is  intended  to  erect  the  outside  roadways  later  which  will  practically 
double  the  initial  capacity  for  vehicular  traffic.  They  will  probably  be 
required  before  1910. 

Although  their  capacity  is  over  30  million  vehicles  annually,  it  is  not 
expected  that  the  three  roadways  should  normally  carry  a  maximum  traffic 
in  excess  of  about  20  million  vehicles,  inasmuch  as  a  heavier  traffic  con- 
centrated at  this  crossing  may  cause  excessive  congestion  in  the  connecting 
streets.  It  is  assumed  that  by  the  time  such  a  volume  of  traffic  is  attained, 
other  crossings  will  be  provided.  However,  a  marginal  capacity  in  the  bridge  is 
advisable.  It  is  desirable,  for  the  safety  and  convenience  of  the  traffic,  coupled 
with  greater  speed,  to  separate  as  far  as  practicable  east  and  westbound 
traffic,  as  well  as  slow  service  vehicles  from  fast  moving  passenger  automobiles. 
It  is  therefore  assumed  that  the  outside  roadways  will  eventually  serve  as 
speedways  for  one-way  automobile  traffic  and  the  central  roadway  for  slow 
mixed  traffic. 

Approximately  38  per  cent  of  all  material  in  the  floor  system  will  be 
structural  carbon  steel  with  a  minimum  strength  of  58,000  pounds  per  square 
inch.  Fifty-six  per  cent  will  be  silicon  steel  with  a  minimum  strength  of 
80,000  pounds  and  six  per  cent  will  be  nickel  steel  with  a  minimum  strength 
of  90,000  pounds.  The  respective  basic  permissible  unit  stresses  in  tension 
are  20,000,  27,000  and  33,000  pounds  per  square  inch. 

Provision  for  Passenger  Traffic  on  Lower  Deck 

In  the  prehminary  design  the  lower  deck  provided  for  four  rapid  transit 
tracks  to  be  carried  on  floor  brackets  cantilevered  out  from  the  verticals  of 
the  trusses. 

Subsequent  studies  indicated  that  a  single  floor  beam  between  the  trusses, 
independent  of  the  upper  deck,  possesses  sufficient  advantages  to  justify  the 
comparatively  small  additional  cost  involved,  and  it  was  therefore  adopted. 
It  has  greater  flexibility  in  traffic  capacity  permitting  the  later  addition  of 
not  only  two  or  four  but  even  six  or  eight  rapid  transit  tracks.  The  floor  beam 
and  the  verticals  may  be  proportioned  at  the  proper  time  for  whatever  number 
of  tracks  may  ultimately  be  decided  upon,  and  the  suspenders,  cables,  towers 
and  anchorages  have  ample  marginal  strength  to  carry  the  comparatively 
small  excess  load  from  more  than  four  tracks. 

The  lower  deck  is  to  be  omitted  at  first  and  erected  after  the  opening 
of  the  bridge  for  initial  capacity.  The  passenger  traffic  studies  indicate  that 
demand  for  it  may  arise  within  ten  years  after  the  opening  of  the  bridge  for 
vehicular  traffic,  and  possibly  earlier. 
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Vertical  and  Horizontal  Stiffening  Systems 

For  the  sake  of  structural  simplicity  and  to  avoid  ambiguous  distribution 
of  load,  the  cables  and  suspenders  have  been  arranged  in  two  vertical  planes 
and  the  floor  frames  are  therefore  suspended  at  two  points  only,  one  on  each 
side  of  the  floor.  In  the  planes  of  the  suspenders,  the  cables  hang  almost 
perfectly  free  except  insofar  as  they  are  restrained  in  their  vertical  and  hori- 
zontal deformations  under  load  by  the  relatively  flexible  floor.  The  great 
weight  of  the  cables  themselves  and  that  of  the  floor  suspended  from  them  lend 
them  ample  stability  and  rigidity  and  *do  not  necessitate  as  rigid  a  stiffening 
as  that  of  smaller  and  lighter  suspension  bridges.  In  fact,  the  relatively  shallow 
stiffening  trusses  placed  along  the  floor  between  the  upper  and  lower  deck  are 
an  outstanding  characteristic  of  the  proposed  design.  While  supplying  ample 
local  rigidity,  they  are  sufficiently  flexible  to  follow  the  deformations  of  the 
cable  as  a  catenary.  Being  relatively  inconspicuous,  these  trusses  enhance 
the  simple,  light  and  graceful  appearance  of  the  structure.  At  the  same  time 
they  effect  far-reaching  economy  when  compared  with  the  rigid  system  of 
smaller  bridges.  In  a  bridge  of  this  size,  in  which  every  pound  of  steel  wasted 
in  the  floor  means  another  pound  wasted  in  the  suspenders,  cables,  towers, 
and  anchorages,  which  have  to  carry  it,  such  economy  runs  into  millions  of 
dollars. 

The  horizontal  or  wind  stiffening  system  in  the  plane  of  the  upper  floor, 
whose  chords  form  the  upper  chords  of  the  vertical  trusses,  while  amply  rigid 
to  resist  the  heaviest  wind  pressure,  is  likewise  comparatively  flexible,  with 
the  result  that  in  deflecting  it  produces  effective  counteraction  by  the  heavy 
suspended  cables,  and  is  thus  relieved  of  a  large  part  of  its  wind  load  with  a 
resulting  marked  saving  in  metal  and  cost. 

Thus  the  characteristic  of  the  suspension  type  of  long  span,  the  stability 
and  inherent  rigidity  of  its  heavy  suspended  cables,  is  made  use  of  to  the  fullest 
possible  extent. 

The  members  of  the  stiffening  trusses  will  be  partly  of  carbon  steel  and 
partly  of  silicon  steel.  The  permissible  stresses  are  the  same  as  in  the  floor 
system. 

The  Cables 

The  cables  naturally  form  catenaries.  In  the  center  span  the  latter 
forms  a  relatively  flat  and  graceful  curve,  the  sag  at  the  center  being  only 
325  feet,  or  about  one  eleventh  of  the  span  length.  In  the  side  spans  owing  to 
the  short  length  of  the  latter,  the  catenary  is  only  slightly  curved  and  falls 
at  a  steep  angle  towards  the  anchorages.  As  already  explained  this  arrange- 
ment is  dictated  by  economy,  as  well  as  by  the  topographical  conditions. 

From  the  inception  of  the  project  it  was  realized  that  there  were  available 
for  the  cables  two  types  which  could  compete  economically,  namely  the  cable 
composed  of  parallel  high  tension  drawn  steel  wires,  and  the  cable  composed  of 
high  tension  heat  treated  forged  eyebars. 
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Both  of  these  types  have  reached  a  high  degree  of  perfection  in  American 
bridge  construction  and  both  make  excellent  and  safe  tension  members  for 
suspension  bridge  cables. 

Owing  to  the  large  cost  involved  and  the  desirability  of  widest  possible 
competition,  it  was  decided  from  the  beginning  of  the  studies  that  plans  be 
prepared  and  competitive  bids  be  invited  for  both  types.  The  general  design 
of  the  bridge  was  peculiarily  adapted  for  the  use  of  either  type. 

The  Staff  endeavored  to  develop  the  several  designs  on  a  fair,  competi- 
tive basis,  and  bids  were  called  for  not  only  upon  the  two  types  of  cables, 
but  upon  various  alternate  arrangements,  such  as  cables  of  each  pair  placed 
side  by  side  or  one  above  the  other,  and  cables  erected  simultaneously  or 
successively,  as  more  fully  explained  hereinafter,  thus  giving  the  bidders 
wide  latitude  in  applying  their  ingenuity,  experience  and  facilities  in  devel- 
oping the  most  economical  methods  of  fabrication  and  erection. 

The  results  of  the  bidding  indicate  clearly  that  the  course  pursued  by  the 
Port  Authority  was  to  its  best  interest  and  that  of  the  public. 

For  the  two  types  of  cables  and  the  various  alternate  arrangements  the 
Staff  prepared  unusually  elaborate  plans  and  specifications,  covering  every 
detail  of  the  structure,  and  in  so  doing  it  endeavored  to  produce  designs  and 
secure  qualities  of  materials  and  workmanship  which  would,  for  all  types, 
give  an  ample  and  equivalent  degree  of  security  and  serviceability. 

The  question  of  selection  of  the  type,  after  bidding,  therefore,  became 
essentially  one  of  cost.  The  wire  cables  proved  to  be  lowest  in  cost  and,  upon 
unanimous  recommendation  of  the  Staff  and  the  Consultants,  were  selected 
by  the  Port  Authority. 

In  accordance  with  the  adopted  design  there  will  be  two  pairs  of  wire 
cables,  one  pair  on  each  side  of  the  floor.  The  cables  of  each  pair,  will  be 
erected  successively  side  by  side. 

Each  cable  will  be  three  feet  in  diameter  and  will  be  composed  of  61 
parallel  strands  of  approximately  four  and  one-half  inches  diamenter.  Each 
strand  will  have  434  No.  6  galvanized  steel  wires  of  0.196  inches  diameter 
so  that  each  cable  will  contain  26,474  wires  of  an  aggregate  sectional  area  of 
800  square  inches. 

The  cables  will  be  tightly  wrapped  with  a  layer  of  galvanized  wire  of 
0.148  inch  diameter.  Each  cable  will  have  to  sustain  a  maximum  pull  of 
65,400,000  pounds,  or  at  the  average  rate  of  82,000  pounds  per  square  inch  of 
metal. 

The  material  of  the  wires  is  specified  to  be  manufactured  by  the  open- 
hearth  or  the  electric  furnace  process  and  to  have  an  average  minimum  tensile 
strength,  when  tested  after  galvanizing,  of  225,000  pounds  per  square  inch. 
Each  of  the  cables  will,  therefore,  have  a  strength  of  about  180,000,000 
pounds. 
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A  comparison  of  the  size  and  strength  of  these  cables  with  those  of  a 
number  of  other  suspension  bridges  is  given  in  the  accompanying  table. 

In  the  preliminary  plans  it  had  been  assumed  that  the  second  cable  of 
each  pair  would  be  erected  after  the  opening  of  the  bridge  for  initial  four- 
lane  vehicular  traffic.  A  careful  review  of  the  plans,  and  the  possibility  that 
the  initial  roadway  might  have  to  be  enlarged  soon  after  the  opening  to 
traffic,  led  to  contracting  for  both  sets  of  cables  and  their  complete  erection 
before  the  opening  of  the  bridge.  Thus,  while  not  changing  the  ultimate 
cost  for  full  capacity,  the  estimated  initial  cost  was  increased  by  approxi- 
mately $5,000,000,  by  the  inclusion  of  the  second  pair  of  cables. 

In  order  not  to  delay  the  opening  of  the  bridge,  however,  the  steel  floor 
system  will  be  erected  immediately  after  the  completion  of  the  first  cable. 

Cables  Anchorages 

The  cables  will  terminate  at  each  end  in  eyebar  anchor  chains  whose 
various  branches  will  spread  so  as  to  engage,  and  be  embedded  in,  the  requisite 
mass  of  rock  or  masonry  which  has  to  resist  the  pull  of  the  cables.  Like  the 
cable  proper,  these  anchor  chains  are  to  be  erected  in  four  independent  units, 
one  for  each  cable.  On  the  New  Jersey  side  the  chains  will  be  anchored  in 
the  hard  trap  rock  forming  the  cliffs.  The  point  of  entrance  into  the  rock 
will  be  suitably  marked  architecturally  by  the  masonry  portal  which  forms 
the  entrance  to  the  bridge. 

On  the  New  York  side  the  chains  are  to  be  anchored  in  an  almost  solid 
block  of  masonry  about  290  feet  by  200  feet  at  its  base  and  130  feet  high 
resting  on  bedrock.  It  will  be  suitably  treated  architecturally  with  stone 
facing  so  as  to  harmonize  with  the  adjoining  approach  viaduct. 

The  anchorage  of  each  cable  will  be  composed  of  122  fines  of  eyebars, 
ten  inches  wide  by  If  to  If  inches  thick.  They  will  be  of  heat-treated 
carbon  steel  and  will  have  an  average  minimum  strength  of  85,000  pounds 
per  square  inch  and  an  average  minimum  yield  point  of  53,300  pounds  per 
square  inch.  The  maximum  theoretical  stress  is  30,000  pounds  per  square 
inch. 

The  Towers  and  Their  Foundations 

The  towers  are  the  main  elements  which  give  opportunity  to  and  call 
for  architectural  treatment  to  lend  the  structure  monumental  character. 
In  the  proposed  bridge,  the  towers  are  to  be  of  massive  construction,  which 
is  expressive  of  their  function  in  supporting  the  great  weight  of  the  suspended 
structure  and  is  in  harmony  with  the  surrounding  scenery,  more  particularly, 
the  massive  rock  face  of  the  Palisades  on  the  one  side  and  the  rocky  point  of 
Fort  Washington  Park  on  the  other.  Each  tower  will  be  210  feet  by  65  feet 
at  the  base  and  taper  slightly  towards  the  top.  It  will  reach  to  a  height  of 
635  feet  above  water. 

In  order  to  expedite  the  earliest  opening  of  the  bridge,  the  towers  are  to 
be  built  initially  as  steel  skeletons,    After  the  opening  of  the  bridge  to  traffic, 


Steel  Skeleton  of  Hudson  River  Bridge  Towers 
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these  steel  skeletons  will  be  embedded  in  a  concrete  casing  faced  with  granite. 
Although  the  concrete  and  granite  facing  will  assist  the  steel  skeleton  in 
carrying  the  entire  load  in  the  completed  structure,  and  will  materially  increase 
its  strength,  it  was  considered  advisable  to  proportion  the  steel  skeleton  so 
that  it  could  safely  carry  the  entire  dead  and  live  load  of  the  completed  sus- 
pended structure.  Steel,  concrete  and  stone  will  be  thoroughly  bonded  to 
form  a  monolithic  mass. 

The  main  columns  of  the  towers  will  be  of  silicon  steel.  Carbon  steel 
will  be  generally  used  for  the  bracing  and  its  connections.  Silicon  steel  must 
show  a  minimum  average  yield  point  of  47,000  pounds  per  square  inch  and  a 
minimum  strength  of  80,000  pounds  per  square  inch.  The  columns  are  of 
compact  solid-web  section.  The  maximum  stress  in  the  tower  columns  for  a 
comlDination  of  greatest  axial  and  bending  stresses  from  full  load  of  the  com- 
pleted superstructure  will  not  exceed  27,000  pounds  per  square  inch.  For 
the  completed  upper  deck  the  stresses  will  not  exceed  22,000  pounds  per 
square  inch  and  the  greatest  average  axial  stress  in  all  columns  will  not  exceed 
20,000  pounds  per  square  inch. 

Both  towers  will  rest  on  solid,  hard  bedrock.  On  the  New  York  side, 
rock  is  available  above  water  and  requires  no  foundation  work  except  prep- 
aration of  the  surface.  On  the  New  Jersey  side,  rock  is  reached  at  a  depth 
of  from  35  to  75  feet  below  water.  Each  of  the  two  tower  legs  will  rest  on 
a  solid  base  approximately  100  by  90  feet,  which  is  being  built  within  an 
open  cofferdam.  This  foundation  method,  although  exceptional  in  size  and 
depth,  presents  no  serious  construction  problems  and  permits  thorough 
examination  and  preparation  of  the  rock  surface. 

New  Jersey  Approach,  Plaza  and  Highway  Connections 

At  the  New  Jersey  end,  the  bridge  roadway  strikes  the  face  of  the  Pali- 
sades Cliffs  about  fifty  feet  below  the  top  of  the  latter.  From  there  it  will 
rise  with  a  four  per  cent  grade  in  an  open  rock  cut  to  the  plaza  at  Lemoine 
Avenue,  about  2,000  feet  distant.  In  order  to  keep  the  silhouette  of  the 
Palisades  intact,  the  cut  is  to  be  screened  by  a  rock-faced  masonry  portal 
through  which  the  roadway  enters,  and  which  is  utilized  to  carry  a  footwalk 
across  the  cut  along  the  top  of  the  cliffs.  Hudson  Terrace,  the  most  easterly 
north  and  south  artery,  is  to  be  slightly  depressed  to  pass  under  the  bridge 
approach. 

Corresponding  to  the  arrangement  of  the  highway  deck  of  the  bridge 
proper,  the  approach  roadway  is  divided  into  three  separate  roadways,  the 
central  one  of  which  will  be  forty  feet  wide  and  is  to  be  constructed  first, 
ready  for  the  initial  traffic,  while  the  two  thirty  feet  outside  roadways  are  to 
be  added  later.  About  700  feet  east  of  Lemoine  Avenue  the  combined 
approach  roadway  will  be  widened  to  124  feet  to  provide  room  for  toll  col- 
lections from  traffic  in  both  directions. 

The  approach  will  terminate  in  a  circular  plaza  at  Lemoine  Avenue. 
This  form  of  plaza  is  recommended  because  it  permits  of  the  greatest  flexi- 
bility in  the  handling  of  traffic  and  for  the  connection  of  future  highways. 


New  Jersey  Approach  and  Plaza 
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From  an  architectural  point  of  view  also  it  is  most  desirable.  However, 
should  it  become  advisable  at  any  time  to  separate  bridge  traffic  to  and  from 
points  west  of  Lemoine  Avenue  from  the  through  traffic  on  Lemoine  Avenue, 
such  separation  may  be  effected  by  depressing  Lemoine  Avenue.  It  is  pro- 
posed that  the  plaza  be  built  at  first  of  smaller  size  and  enlarged  later  when 
the  traffic  becomes  heavier.  Ample  space  is  provided  between  the  plaza  and 
the  toll  booths  for  the  possible  accumulation  of  vehicles.  Street  connections 
are  also  planned  between  the  plaza  east  to  Hudson  Terrace,  which  latter  may 
carry  a  considerable  volume  of  bridge  traffic,  more  particularly  pleasure 
vehicles  bound  for  the  Hendrick  Hudson  Drive,  which  may  be  reached  via 
Hudson  Terrace. 

A  survey  of  existing  highway  arteries  in  the  vicinity  of  the  proposed 
bridge  shows  that,  while  a  number  of  other  highway  arteries  running  south, 
north  and  west  are  within  easy  reach  from  the  bridge  approach,  the  increasing 
volume  of  traffic  on  these  arteries,  combined  with  the  prospective  bridge 
traffic,  will  necessitate  a  considerable  improvement  and  expansion  of  the 
highway  system  in  that  vicinity. 

It  is  assumed,  more  particularly,  that  Lemoine  Avenue,  which  has 
already  been  designated  a  portion  of  State  Highway  Route  18,  and  is  likely 
to  form  the  principal  north  and  south  artery  connecting  with  the  bridge  plaza, 
will  be  improved  and  provided  with  a  wider  pavement. 

A  study  of  the  prospective  traffic  indicates  that  probably  more  than  50 
per  cent  of  the  vehicular  bridge  traffic  will  want  to  proceed  west  from  the 
proposed  bridge  plaza.  While  the  existing  east  and  west  arteries  in  that 
vicinity  would  carry  a  considerable  portion  of  the  initial  bridge  traffic,  it  is 
evident  that  they  would  not  form  adequate  or  convenient  outlets  in  their 
present  condition,  and  it  is  questionable  as  to  whether  they  can  be  adequately 
improved. 

It  is  therefore,  assumed  that  a  new  arterial  route  with  easy  grades  will 
be  built  to  run  for  a  short  stretch  west  from  the  proposed  bridge  plaza  and 
then  in  a  northwesterly  direction  across  the  Overpeck  Meadow  towards 
Hackensack.  Such  a  route  has  been  incorporated  in  the  comprehensive  plan 
of  state  highways  proposed  in  the  report  of  the  New  Jersey  State  Highway 
Engineer  of  September  14,  1926. 

New  York  Approach,  Plaza  and  Highway  Connections 

On  the  New  York  side,  the  roadway  descends  on  a  2.2  per  cent  grade 
from  the  bridge  abutment  or  anchorage  on  a  viaduct  which  reaches  the  sur- 
face just  west  of  Pinehurst  Avenue,  thus  forming  an  approach  only  about 
1,000  feet  long. 

As  on  the  bridge  proper,  the  roadway  on  the  approach  viaduct  will  be 
divided  into  two  thirty  foot  outside  roadways  and  a  forty-eight  foot  central 
roadway.    The  outside  roadways  are  to  be  built  first. 

The  approach  will  cross  Riverside  Drive  and  the  block  west  of  Haven 
Avenue  with  three  monumental  masonry  arches  almost  120  feet  high  above 
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the  surface  of  the  drive.  From  Haven  Avenue  east  the  approach  will  consist 
of  an  embankment  with  solid  walls,  decreasing  in  height  from  a  maximum  of 
40  feet. 

The  total  width  of  the  approach  will  be  140  feet,  with  ample  open  space, 
100  feet  wide,  on  each  side  between  its  face  and  the  opposite  building  line  of 
the  blocks  north  of  179th  Street  and  south  of  178th  Street  respectively.  The 
latter  streets  are  to  be  left  intact  and  to  serve  for  local  traffic.  The  space 
between  them  and  the  approach  is  to  be  utilized  for  bridge  traffic  to  and 
from  Riverside  Drive  via  Haven  Avenue. 

The  New  York  approach  will  terminate  at  Pinehurst  Avenue.  The 
preliminary  plans  contemplated  a  plaza  between  Pinehurst  and  Fort  Wash- 
ington Aves,  which,  it  was  estimated,  would  be  sufficient  to  take  care  of  the 
distribution  and  diffusion  of  the  initial  bridge  traffic  north  and  south  on  Fort 
Washington  Avenue,  east  to  and  from  Broadway,  St.  Nicholas  Avenue, 
Amsterdam  Avenue  and  Washington  Bridge  via  178th  Street  and  179th 
Street,  and  west  to  and  from  Riverside  Drive  via  Haven  Avenue  and  the  ramps 
alongside  the  bridge  approach.  The  existing  connections  between  Riverside 
Drive  and  Haven  Avenue  are  inadequate  for  heavy  traffic  and  must  be 
improved. 

It  is  also  feasible  to  provide  for  a  connection  between  the  bridge  plaza 
and  a  boulevard  which  may  be  built  over  the  New  York  Central  tracks  as  an 
extension  of  the  proposed  West  Side  Elevated  Boulevard  between  Canal 
Street  and  72nd  Street. 

Further  studies  indicated  the  desirability  of  extending  the  plaza  to 
Broadway  and  studies  are  also  being  made  for  a  new  traffic  artery  from  the 
bridge  plaza  east  of  Broadway  to  Amsterdam  Avenue  connecting  with  Wash- 
ington Bridge,  or  with  another  crossing  which  may  be  built  south  of  it  across 
the  Harlem  River,  and  with  the  Speedway  along  the  Harlem  River. 

Estimated  Cost  and  Quantities 

Owing  to  the  decision  to  build  the  bridge  so  as  to  provide  for  greater 
initial  capacity,  the  initial  cost,  originally  estimated  at  50  million  dollars 
has  been  increased  to  $60,000,000,  without  however,  any  increase  in  the 
ultimate  cost. 

The  cost  of  construction  has  been  estimated  by  using  prevailing  prices 
of  labor  and  materials  and  basing  the  cost  of  real  estate  upon  a  careful  appraisal 
made  by  the  Real  Estate  Department  of  the  Port  Authority  in  cooperation 
with  other  experts. 

The  estimate  also  allows  for  a  margin  for  contingent  expenses  and  for 
interest  during  construction.  It  is  thus  believed  to  cover  the  entire  cost  as 
closely  as  may  be  reasonably  foreseen  at  the  present  time. 

When  necessary,  and  if  additional  revenue  will  justify  it,  the  bridge  may 
be  enlarged  to  full  capacity  by  an  additional  expenditure  of  approximated 
$15,000,000. 
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Tlie  following  principal  quantities  arc  involved  in  the  construction  of 
the  bridge: 

Excavation   100,000  cu.  yds. 

Concrete   165,000  cu.  yds. 

Stone  masonry   57,000  cu.  yds. 

Steel  work,  structural   120.000  tons 

Reinforcing  steel   10,000  tons. 

Estimated  Traffic 

Since  the  cost  of  construction  is  for  the  most  part  to  be  met  by  the  Bale 
of  bonds,  it  was  essential  to  forecast  the  gross  revenues  from  traffic  that 
might  reasonably  be  expected  to  use  the  Fort  Washington-Fort  Lee  Bridge. 

Estimates  were  made,  therefore,  for  each  year  from  1924  to  1960,  a 
period  of  thirty-seven  years.  They  were  based  upon  actual  counts  of  the 
number  and  type  of  vehicles  and  their  origin  and  destination  during  the 
average  and  peak  months  of  traffic  on  the  seventeen  Hudson  River  Ferries 
between  the  Battery  and  Tarrytown  in  1925. 

The  Holland  Tunnel  was  opened  to  traffic  on  October  13,  1927.  The 
effect  of  these  twin  vehicular  tubes  will  be  felt  by  all  the  existing  and  pro- 
posed crossings,  the  effect,  of  course,  being  most  marked  in  the  immediate 
vicinity  of  the  tunnels  and  progressively  less  by  each  of  the  crossings  upstream. 
Conservative  estimates  required  that  this  effect  be  taken  into  account. 
Separate  estimates  were,  therefore,  made  for  the  volume  and  distribution  of 
the  vehicular  tunnel  traffic  based  upon  the  ferry  counts  and  checked  against 
the  estimates  made  by  the  engineers  of  the  Tunnel  Commission.  This 
amount  was  subtracted  from  the  estimates  for  the  Bridge. 

The  estimates  given  below  assume  that  the  bridge  will  be  opened  to  traflic 
not  later  than  1932.  They  include  traffic  which  would  result  from  the  devel- 
opment of  the  Fort  Lee  district  and  Bergen  County  generally,  which  has  been 
approximated  by  studying  the  effect  upon  Brooklyn  of  the  opening  of  the 


Brooklyn  Bridge. 

Number  of 

Number  of  passengers  Number  of  Number  of 

Year                                     vehicles  in  vehicles  pedestrians  buses 

1932                                                  8,148,000  18,898,000  1,413,000  497,000 

1933                                                    8,734,000  20,017,000  1.519,000  519,000 

1934                                                    9,310,000  21,181,000  1.578,000  544,000 

1935                                                    9,870,000  22,327.000  1.690.000  569,000 

1938                                                  11,339,000  25,721,000  1.968,000  654.000 

1943                                                   13,236,000  31,039.000  2,392.000  812,000 

1950                                                14,997,000  38,567,000  2,890,000  1,092,000 

1960                                                16,310.000  50,362,000  3,196,000  1,616,000 


Estimated  Revenues 

An  average  toll  of  fifty  cents  per  vehicle  was  eventually  chosen  to  cal- 
culate the  revenues  as  being  a  fair  approximation  of  the  average  rates  now 
charged  on  the  ferries  in  the  immediate  vicinity  of  the  bridge.  Additional 
estimates  for  average  tolls  of  sixty  cents  and  seventy  cents  were  made  for 
passenger  vehicles  and  trucks. 
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For  long  distance  buses  the  toll  now  charged  by  the  ferries  was  used. 
This  is  $1  per  omnibus.  For  the  local  buses  running  from  plaza  to  plaza, 
seventy-five  cents  was  adopted.  An  average  toll  of  five  cents  per  passenger 
in  vehicles,  exclusive  of  the  driver,  and  for  pedestrians,  was  employed. 

The  following  estimated  net  revenues,  interest,  sinking  fund  payments, 
and  net  annual  surplus  were  based  upon  the  traffic  forecasts  and  calculated 
on  the  average  tolls  given  above. 

Estimated  Sinking  fund       Net  annual 

Year  net  revenue  Interest        payments  surplus 

1926   *$3 ,400,000   

1927   *3 ,700,000  $900,000   

1928   *4, 100 ,000  900,000   

1929   *4, 400, 000  1,800,000   

1930   *4, 800 ,000  1,800,000   

1931   5,100,000  2,250,000   

1932   5,250,000  2,250,000    $3,000,000 

1933   5,600,000  2,250,000  $100,000  3,250,000 

1934   5,950,000  2,250,000  200,000  3,500,000 

1935   6,400,000  2,250,000  200,000  3,950,000 

1936   6,850,000  2,250,000  1,500,000  3,100,000 

1937   7,300,000  2,205,000  1,500,000  3,595,000 

1938   7,850,000  2,160,000  2,500,000  3,190,000 

1939   8,200,000  2,070,000  2,500,000  3,630,000 

1940   8,600,000  1,980,000  3,000,000  3,620,000 

1941   8,900,000  1,867,500  3,000,000  4,032,500 

1942   9,200,000  1,755,000  3,000,000  4,445,000 

1943   10,500,000  1,642,500  3,500,000  5,357,500 

1944   10,800,000  1,507,500  3,500,000  5,792,500 

1945   11,000,000  1,372,500  4,000,000  5,627,500 

1946   11,400,000  1,215,000  4,000,000  6,185,000 

1947   11,600,000  1,057,500  3,750,000  6,792,500 

1948   11,900,000  888,750  3,750,000  7,261,250 

1949   12,100,000  720,000  4,250,000  7,130,000 

1950   12,400,000  528,750  4,250,000  7,621,250 

1951   12,600,000  337,500  2,750,000  9,512,500 

1952   12,800,000  213,750  2,750,000  9,836,250 

1953   13,100,000  90,000  1,000,000  12,010,000 

1954   13,500,000  45,000  1,000,000  12,255,000 

*  The  figures  shown  for  these  years  represent  net  revenue  which  would  have  accrued  had  the  bridge  been 
in  operation  during  this  period. 

Appended  to  this  report,  are  complete  traffic  and  gross  revenue  estimates 
from  1924  to  1960,  both  inclusive,  for  the  two  conditions,  that  is,  an  eight 
lane  bridge  without  transit  tracks  and  with  transit  tracks.  The  gross  revenue 
for  vehicles  is  based  upon  an  average  toll  of  fifty  cents. 

The  financing  of  the  bridge  by  the  sale  on  December  9,  1926,  of  a  first 
installment  of  $20,000,000  of  an  authorized  bond  issue  of  $60,000,000  was 
based  upon  the  foregoing  estimates.  Correct  checks  of  these  forecasts  are 
being  made  monthly  by  the  Staff  with  the  assistance  of  the  records  of  the 
ferry  companies  and  special  hourly  clockings  taken  at  the  vehicular  entrances 
to  the  ferries  and  tunnel.  These  will  be  maintained  throughout  the  period 
of  construction  as  a  constant  check,  upon  the  forecasts. 


Cofferdams  of  New  Jersey  Tower  Foundation,  November  19,  1927 
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Final  Borings  and  Geological  Studies 

The  borings  made  prior  to  the  financing  of  the  bridge  were  of  a  pre- 
liminary nature  to  secure  sufficient  information  to  permit  the  determination 
of  the  best  location  of  the  bridge  and  its  span  length.  Before  actual  work 
could  commence,  it  was  necessary  to  supplement  the  information  obtained 
from  these  borings  by  more  complete  investigation  of  subsurface  conditions. 
Accordingly,  as  soon  as  construction  funds  became  available  in  December 
1926,  a  contract  was  let  to  the  Osborne  Drilling  Corporation  for  twenty-six 
additional  river  borings  throughout  the  area  to  be  occupied  by  the  New 
Jersey  Tower  Foundation.  These  were  later  followed  by  land  borings  at  the 
sites  of  the  New  York  Tower,  and  the  New  York  Anchorage. 

It  was  hoped  to  have  the  entire  boring  program  for  the  New  Jersey 
Tower  Foundation  completed  early  in  the  winter,  but  an  unexpectedly  early 
and  severe  flow  of  ice  in  the  river  made  progress  slow  and  difficult.  However, 
the  information  obtained  was  sufficiently  definite  to  permit  the  preparation 
of  the  construction  plans  for  the  foundations  and  the  inviting  of  bids  for  this 
work  on  April  11,  1927.  By  the  time  the  Contractor  for  the  foundations  was 
ready  to  begin  his  field  operations  in  May  1927,  complete  information  had 
been  obtained,  and  it  was  possible  for  him  to  make  his  plans  for  the  coffer- 
dams and  other  work  with  reasonable  assurance  as  to  conditions  to  be 
encountered. 

On  the  New  York  side  of  the  river,  where  rock  is  at  the  surface,  the 
problem  was  much  simpler.  It  was  felt,  however,  that  here,  too,  it  should 
be  established  beyond  doubt  that  the  rock  was  sound  and  capable  of  sus- 
taining the  loads  imposed  upon  it  by  the  tower  and  anchorage.  Accordingly 
six  holes  were  bored  in  the  location  of  the  New  York  tower  foundation  and 
eleven  holes  within  the  area  to  be  occupied  by  the  New  York  anchorage. 

In  the  study  of  the  cores  obtained  from  the  borings  and  of  the  rock  for- 
mations the  Staff  had  the  valuable  advice  of  Dr.  Charles  P.  Berkey,  Professor 
of  Geology  and  Mineralogy  at  Columbia  University.  As  the  boring  work 
progressed  Dr.  Berkey  submitted  reports  from  which  the  following  quotations 
are  made: 

Speaking  of  the  foundations  for  the  New  York  tower,  Dr.  Berkey  says 
in  part:  "  The  ledges  exposed  on  the  ground  are  all  of  the  type  known  as 
Manhattan  schist,  a  crystalline  micaceous  rock  of  well  known  habit,  encount- 
ered in  most  engineering  projects  in  the  city.  *  *  *  Ordinarily  the  rock 
which  has  become  the  Manhattan  schist  was  one  of  a  series  of  sedimentary 
forms  that  were  laid  down  almost  horizontally  one  on  top  of  the  other.  They 
were  all  finally  grouped  together  into  mountain  folds.  *  *  *  In  their 
folded  condition  they  now  stand  tilted  at  all  sorts  of  angles."  *  *  *  and 
"  the  folds  have  worn  off  by  erosion  so  that  the  edges  are  exposed.    *    *  * 
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"  In  my  opinion  the  rock  foundation  of  the  New  York  Tower  is  emi- 
nently sound.  There  are  no  serious  questionable  features.  The  rock  is  one 
of  the  regular  local  types;  its  behavior  is  well  known,  and  its  relations  are 
understood.  The  location  avoids  zones  of  weakness  and  deformation  which 
sometimes  cause  trouble  in  engineering  work.  *  *  *  The  site  may  be 
taken  for  what  it  appears  to  be  —  a  sound  rock  foundation  with  no  important 
troublesome  features  within  its  boundaries.  There  is  no  doubt  whatever  of 
the  adequacy  of  the  rock  foundation  of  this  site." 

The  character  of  the  rock  under  the  New  York  anchorage  is  the  same  as 
that  under  the  New  York  tower.  The  borings  have  revealed  that  the  same 
confidence  can  be  placed  in  this  foundation  as  is  placed  in  that  for  the  New 
York  tower. 

Regarding  the  New  Jersey  Anchorage,  Dr.  Berkey  reports  as  follows: 
' '  The  Palisades  ridge  at  the  point  where  the  bridge  is  located  is  made  up 
chiefly  of  one  formation,  the  Palisades  diabase,  also  sometimes  known  as  the 
Palisades  trap.  *  *  *  The  rock  is  of  igneous  origin  forced  into  its  present 
position  in  fused  condition,  spreading  out  between  the  beds  of  sand  stone  and 
shale  to  its  present  proportions.  It  subsequently  crystallized  and  solidified 
and  took  on  its  present  mineral  character.  *  *  *  The  rock  involved  in 
the  anchorage  is  *  *  *  especially  durable  and  free  from  any  objectionable 
mineral  content  that  might  give  trouble  or  weaken  the  structure.  The  fact 
that  these  ledges  on  top  of  the  cliff  have  been  exposed  to  the  weather  ever 
since  the  close  of  the  glacial  time  and  are  still  in  firm,  sound  condition  proves 
the  general  durability  of  the  rock.  *  *  *  It  appears  from  these  observa- 
tions and  such  facts  as  are  known  that  the  New  Jersey  Anchorage  is  located 
in  a  very  substantial  type  of  rock  and  in  a  formation  that  is  free  from  any 
unusual  structural  weakness  or  questionable  condition.  *  *  *  The  rock 
is  sound,  durable  and  strong.  *  *  *  There  is  no  doubt  whatever  about 
the  feasibility  of  the  plan  to  anchor  in  the  face  of  the  Palisades  cliff." 

The  conditions  under  the  New  Jersey  Tower,  unlike  all  of  the  other 
foundations  encountered  in  the  construction  of  the  bridge,  are  very  varie- 
gated. Dr.  Berkey  states  that  the  rock  is  of  a  sedimentary  nature,  lying  in 
beds  which  dip  slightly  to  the  west,  and  may  in  general  be  divided  into  three 
typical  groups,  (1)  coarse  sand  stone,  (2)  fine  sand  stone  and  sandy  shale  and 
(3)  red  shale,  (extremely  fine  grain).  These  different  types  of  material  in 
some  places  are  not  sharply  separated  but  grade  one  into  the  other  in  an  almost 
imperceptible  manner;  in  other  places  they  are  sharply  divided  one  type 
changing  abruptly  to  another.  The  coarse  sand  stones  are  the  most  sub- 
stantial and  satisfactory  from  every  standpoint  and  the  fine  sand  stones  and 
sandy  shale  may  also  be  regarded  as  satisfactory.  "  The  red  shales,  however, 
are  comparatively  weak,  and,  when  taken  by  themselves  in  fragments  or  small 
blocks,  do  not  have  much  strength.  In  their  natural  bedded  relations,  how- 
ever, where  they  are  keyed  in  with  the  more  substantial  members  of  the  series 
they  are  in  my  (Dr.  Berkey)  opinion  sound  enough  to  serve  every  purpose  as 
a  part  of  the  foundation."  Dr.  Berkey  reports  that  the  coarse  sand  stones 
are  very  substantial  and  stand  high  pressure  tests  and  not  only  represent  the 
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best  type  of  material  belonging  to  the  foundation,  but  also  are  the  most 
extensive;  the  fine  sand  stones,  while  not  so  strong  as  the  coarse  sand  stones, 
are  perfectly  satisfactory  as  foundation  material;  and  finally  that  the  red 
shales  although  the  weakest,  in  themselves,  of  the  various  materials,  in  their 
natural  formation  where  they  are  intimately  interbedded  with  the  stronger 
ones  make  a  mass  satisfactorily  substantial  and  give  adequate  support  as  a 
foundation.  This  is  especially  true  since  this  type  of  shale  does  not  squeeze 
or  run  under  pressure. 

In  order  to  make  certain  that  the  New  Jersey  Tower  would  not  stand 
close  to  an  edge  of  the  rock,  or  on  an  overhanging  rock  ledge,  it  was  con- 
sidered advisable  to  bore  three  holes  to  a  considerable  depth  at  distances  of 
approximately  150  feet,  400  feet  and  450  feet  respectively  from  the  east  side 
of  the  tower.  The  last  of  these  holes  was  carried  to  a  depth  of  300  feet 
below  the  surface.  These  holes  established  beyond  doubt  that  the  tower  will 
be  founded  on  a  hard  and  solid  bed  of  rock  of  great  depth. 

Construction  of  New  Jersey  Tower  Foundation 

In  the  location  selected  for  the  New  Jersey  tower  the  borings  indicated 
that  the  surface  of  the  bed  rock  slopes  from  a  depth  below  mean  high  water 
of  about  thirty-nine  feet  at  the  extreme  westerly  or  shoreward  edge  of  the 
foundation  to  an  average  depth  of  about  sixty-eight  feet  at  the  extreme 
easterly  or  riverward  edge.  At  the  lowest  point,  the  north  east  corner,  the 
rock  is  seventy-six  feet  below  mean  high  water.  While  the  rock  surface  thus 
slopes  generally  downward  to  the  east,  the  rock  strata  themselves  dip  slightly 
toward  the  west,  and  the  rock  lies  in  an  irregular  and  naturally  "  benched  " 
or  "  stepped  "  condition,  thus  providing  an  excellent  natural  bond  between 
the  rock  bed  and  the  concrete  base.  Overlying  the  rock  there  is  the  typical 
Hudson  River  silt  varying  in  thickness,  within  the  area  of  this  foundation, 
from  thirty  to  sixty  feet.  The  water  above  this  silt  averages  about  twelve 
feet  in  depth.  The  rock  so  far  exposed  in  the  excavation  is  of  a  quality 
generally  superior  to  that  anticipated  from  the  core  borings. 

The  tower  foundation  consists  of  two  separate  solid  piers  or  bases  153.5 
feet  apart  on  centers.  Each  base  measures  in  plan  89  feet  by  98  feet  from  an 
elevation  of  — 15.0  feet  below  mean  high  water  down.  Above  that  elevation 
up  to  15  feet  above  mean  high  water  the  base  measures  76  feet  by  84.5  feet 
and  the  upper  24  feet  will  have  a  granite  face,  both  for  good  appearance  and 
as  a  protection  of  the  concrete  against  the  action  of  sea  water. 

The  preliminary  borings  had  indicated  that  the  foundation  might  have  to 
go  down  to  about  100  feet  below  water  level,  and  it  was  therefore  planned 
to  build  the  bases  by  the  pneumatic  caisson  process,  each  base  being  divided 
into  two  or  more  individual  caissons,  to  be  sunk  separately  and  firmly  sealed 
in  the  rock. 

As  a  result  of  the  final  borings,  however,  it  was  evident  that  a  solid  rock 
bed  throughout  the  area  could  be  reached  at  a  depth  not  in  excess  of  seventy- 
six  feet,  and,  after  careful  consideration  of  the  advantages  of  being  able  to 
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fully  uncover,  examine  and  prepare,  the  rock  surface  over  the  entire  area, 
it  was  decided  to  call  for  bids  also  for  building  the  bases  inside  of  either  one 
or  two  separate  open  cofferdams.  From  the  bids  received  on  April  11,  1927 
(see  Table  Nos.  I  and  II  appended  hereto)  the  cofferdam  method  proved  to 
be  considerably  lower  in  cost  than  the  pneumatic  caisson  process.  The  former 
was  therefore  adopted  and  the  work  is  now  being  carried  out  with  two  open 
cofferdams. 

The  two  cofferdams,  one  around  each  base,  represent  by  far  the  largest 
and  deepest  open  cofferdams  ever  constructed  for  bridge  work  and  conse- 
quently great  care  was  called  for  in  the  preparation  of  their  design  and  in  their 
construction.  Briefly  the  plan  for  each  cofferdam  provides  for  six  tiers  of 
horizontal  timber  frames,  braced  together  horizontally  and  vertically  and 
surrounded  by  heavy  steel  girder  beams  acting  as  outside  waling  pieces. 
These  frames  were  constructed  at  the  site  of  the  base  after  sufficient  pre- 
liminary dredging  had  been  performed  to  remove  the  silt  to  a  depth  of  forty- 
five  feet  below  water  level.  A  powerful  thirty  yard  dipper  dredge  was  used 
for  this  operation.  The  frames  were  suspended  from  a  number  of  pile  clusters 
and  progressively  lowered  so  that  one  frame  always  remained  above  water 
and  upon  which  the  frame  next  above  was  constructed.  When  all  the  frames 
were  completed  the  top  frame  was  somewhat  above  ordinary  high  water, 
and  the  lower  frame  just  above  the  bottom  of  the  area  dredged  in  the  silt. 
Steel  sheet  piling  interlocked  around  this  timber  framing  was  then  driven, 
great  care  being  taken  to  make  certain  that  it  was  in  close  contact  with  or 
actually  penetrated  into  the  rock.  This  sheet  piling  forms  a  single  wall  or 
"  skin  "  on  the  west  side  and  a  part  of  the  north  and  south  side  of  each  cof- 
ferdam, and  a  double  wall  divided  into  pockets  or  wells  approximately  eight 
feet  by  ten  feet,  on  the  remaining  portion  of  the  north,  south  and  east  sides 
of  the  cofferdam  where  the  rock  lies  at  greatest  depth.  The  wells  formed  by 
the  double  sheeting  were  first  dredged  out  to  the  rock,  the  rock  surface  was 
carefully  examined  by  divers,  and  the  wells  then  filled  with  concrete  to  some- 
what above  the  lowest  timber  frame.  Sand  was  then  placed  in  the  pockets 
above  the  concrete  to  a  level  somewhat  above  ordinary  high  water. 

On  November  7, 1927,  the  southerly  cofferdam  was  successfully  unwatered, 
without  difficulty,  to  a  depth  of  forty-five  feet.  The  rock  surface  was  care- 
fully prepared  and  the  first  block  of  concrete  poured.  As  evidence  of  the 
care  taken  in  the  design  and  construction  of  this  cofferdam,  the  amount  of 
water  which  leaked  into  the  cofferdam  was  so  small  that  no  attempt  was 
made  to  stop  the  leakage  and  the  water  was  easily  taken  care  of  by  a  small 
pump. 

On  December  11,  1927,  the  bottom  of  this  cofferdam  was  completely 
sealed  with  a  layer  of  concrete  and  no  further  difficulties  are  anticipated  in 
the  completion  of  the  base.  The  northerly  deeper  cofferdam  was  likewise 
successfully  unwatered  in  December  and  a  substantial  block  of  concrete  placed 
in  the  southwest  corner.  On  December  23,  1927,  the  contractor  was  about 
to  place  concrete  in  the  northwest  corner  after  the  rock  bed  had  been  care- 
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fully  cleaned  and  prepared  when  suddenly,  without  previous  sign  or  warning, 
a  leak  developed  at  the  bottom  of  the  sheeting  in  that  corner,  letting  the 
water  and  silt  rush  in  with  considerable  force,  flooding  the  cofferdam  and 
unfortunately  drowning  three  workmen.  The  damage  is  now  being  repaired 
and  it  is  expected  that  the  placing  of  concrete  in  the  cofferdam  will  proceed 
shortly  with  comparatively  little  delay. 

The  contractor's  plant  and  layout  for  handling  this  work  includes  a  work- 
ing platform  between  the  two  cofferdams.  All  concrete  aggregates  are 
delivered  to  the  work  in  barges  at  the  outboard  end  of  this  platform.  A  stiff 
leg  derrick  unloads  the  material  from  the  barges  into  a  hopper  from  which  it 
is  carried  by  belt  conveyor  and  elevator  to  the  material  bin  above  the  mixer, 
located  on  shore.  On  the  north  side  of  the  north  cofferdam  there  is  another 
small  platform  with  a  covered  belt  conveyor.  Barges  of  cement  are  unloaded 
on  to  this  conveyor  which  in  turn  carries  the  cement  to  the  cement  house 
located  on  the  shore  just  west  of  the  north  cofferdam.  The  mixing  plant 
at  the  south  end  of  the  cement  house,  just  north  of  the  center  line  of  the  bridge, 
has  a  two  yard  batch  mixer.  The  control  of  the  aggregates  is  obtained 
entirely  by  weight.  After  the  concrete  is  mixed  it  is  dumped  into  two  yard 
drop  bottom  buckets  on  trucks,  wheeled  out  on  the  center  platform  and 
lowered  into  the  foundation  by  derricks.  These  derricks  are  situated,  one 
fcr  each  cofferdam,  between  the  cofferdam  and  the  shore  and  are  used  for  all 
operations  in  connection  with  excavating,  concreting  and  setting  the  granite 
facing.    With  booms  125  feet  long  they  cover  the  entire  area  of  the  base. 

As  stated,  bids  for  this  work  were  received  on  April  11,  1927.  There 
were  six  bids  on  the  open  cofferdam  method  and  seven  bids  on  the  pneumatic 
caisson  method.  On  May  19,  1927,  a  contract  was  executed  with  Silas  B. 
Mason  of  New  York,  the  low  bidder.  Work  was  started  promptly  thereafter 
and  has  progressed  very  satisfactorily  since. 

The  contract  involves  the  placing  of  approximately  40,000  cubic  yards 
of  concrete,  1,500  cubic  yards  of  granite  and  400  tons  of  steel  reinforcement. 
The  estimated  contract  cost  is  $1,160,200. 

Bock  Cut  for  New  Jersey  Anchorage  and  Approach 

On  May  31,  1927,  eighteen  bids  were  received  for  the  rock  excavation 
involved  in  the  New  Jersey  approach,  anchorage  pits  and  anchorage  tunnels 
all  east  of  Hudson  Terrace  in  Fort  Lee,  N.  J.  (See  Table  III,  appended 
hereto.)  Nearly  200,000  cubic  yards  of  solid  trap  rock  are  to  be  removed 
under  this  contract.  On  June  18,  1927,  a  contract  was  executed  with  Foley 
Brothers,  Incorporated,  the  low  bidder  with  an  estimated  contract  cost  of 
$694,000. 

The  contractor's  plans  for  executing  this  work  contemplate  making  a 
narrow  cut  approximately  on  the  center  line  of  the  bridge  from  the  westerly 
limit  of  his  work  to  the  face  of  the  cliff  and  then  working  back  to  the  west 
in  order  to  facilitate  the  completion  of  the  easterly  part  of  this  cut  and  the 
shafts  in  which  will  be  embedded  the  steel  anchorages  for  the  cable.    For  the 
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excavation  of  the  anchorage  tunnels  the  contractor  intends  to  sink  a  vertical 
shaft  approximately  on  the  center  line  of  the  approach  at  the  westerly  end  of 
the  anchorage  tunnels.  This  shafl  will  be  sunk  to  the  depth  of  the  lowest 
portion  of  the  anchorage  tunnels  and  from  it,  at  this  depth,  will  be  run  lateral 
leads  to  the  two  anchorage  tunnels.  The  exc  avation  in  the  anchorage  tunnels 
will  then  be  carried  from  the  bottom  up  and  the  material  excavated  will  be 
taken  to  the  surface  through  the  lateral  leads  and  the  vertical  shaft.  The 
contractor  has  planned  to  crush  and  dispose  of  all  of  the  rock  removed.  To 
this  end  he  has  set  up  a  modern  and  well  equipped  crushing  plant  which  to 
date  has  been  able  to  crush  and  dispose  of  practically  all  of  the  rock  as  fast 
as  it  was  excavated.  Progress  on  this  contract  is  likewise  satisfactory  and  it 
is  anticipated  that  the  work  will  be  completed  within  the  time  limits  se1  in 
the  contract. 

Progress  on  Sleel  Superstructure  for  Main  Bridge 

The  contract  involving  the  largest  expenditures  and  the  most  inportanl 
decisions  is  that  for  the  steelwork  for  the  main  struct  inc.  bids  for  which  were 
received  on  October  3,  1927,  and  the  contracts  for  which  were  executed  on 
November  4,  1927.  In  all,  fourteen  bids  were  received  for  this  work  from 
five  different  firms  (see  Tables  IV  and  V.  appended  hereto). 

As  already  mentioned  in  the  description  of  the  plans,  bids  were  called  for 
on  both  the  wire  cable  design  and  the  eyebar  cable  design.  Bidders  were 
also  permitted,  for  both  designs,  to  bid  upon  either  the  towers  and  floor 
system  alone,  or  the  cables  and  anchorages  alone,  or  upon  the  entire  steel 
structure.  Further  competition  was  also  obtained  b\  giving  the  bidders  the 
opportunity  to  base  their  bids,  at  their  option,  upon  one  of  two  programs  for 
erection.  One  of  these,  termed  "  simultaneous  erection  "  consisted  in  the 
construction  of  the  cables  complete  prior  to  the  start  of  the  construction  of 
the  floor  system.  The  other,  termed  '■successive  erection."  contemplated 
the  starting  of  the  erection  of  the  floor  system  after  half  of  the  cable  work 
will  have  been  completed  and  the  construction  of  the  remaining  half  of  the 
cable  work  immediately  following  the  completion  of  the  first  half. 

In  the  case  of  the  wire  cable  design,  two  further  alternates  were  provided, 
one  arrangement  in  which  the  two  cables  on  each  side  of  the  bridge  were  to 
be  placed  one  above  the  other  and  the  other  in  which  these  cables  were  to  be 
placed  side  by  side. 

There  is  appended  hereto  a  tabulation  (Table  IV)  so  arranged  as  to  show 
the  various  possible  combinations  of  the  bids  received.  From  this  it  will  be 
noted  that  the  lowest  cost  to  the  Port  Authority  for  the  steel-work  was  obtained 
by  the  adoption  of  the  wire  cable  design,  cables  placed  side  by  side,  and  the 
program  of  successive  erection  combined  with  the  lowest  bid  for  the  towers 
and  floor  system.  On  November  4,  1927,  the  contract  for  the  towers  and 
floor  was  awarded  to  the  McClintic-Marshall  Company  of  Pittsburgh,  Pa., 
and  for  the  cables  and  anchorage  steelwork  to  the  John  A.  Roebling's  Sons 
Company  of  Trenton,  N.  J. 
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The  contract  for  the  towers  and  floor  involves  the  furnishing  and  erection 
of  approximately  39,000  tons  of  structural  steel  in  the  towers  and  16,300 
tons  in  the  floor  system.  The  estimated  cost  of  this  contract  is  $10,134,440. 
The  contract  for  the  cables  and  anchorage  steelwork  involves  the  furnishing 
and  erection  of  approximately  29,000  tons  of  cable  wire,  170,000  linear  feet 
of  steel  suspender  rope  about  two  and  three-fourths  inches  in  diameter  and 
about  19,500  tons  of  structural  steel  and  castings,  and  the  furnishing,  but 
not  the  erection,  of  about  2,300  tons  of  structural  steel  for  the  New  York 
anchorage.  There  is  included  in  the  contract  about  25,000  cubic  yards  of 
concrete  in  the  New  Jersey  anchorage.  The  total  estimated  cost  of  this 
contract  is  $12,339,977.  The  total  estimated  cost  for  the  entire  steelwork 
is,  therefore,  $22,474,417. 

Both  companies  are  now  actively  engaged  in  perfecting  their  plans  for 
the  handling  of  this  work  and  are  preparing  the  necessary  preliminary  studies 
and  working  drawings  incident  to  getting  the  work  under  way.  Rolling  of 
the  steel  for  the  towers  has  already  been  started  and  drawing  of  the  wire  for 
the  cables  is  expected  to  be  started  very  shortly. 

Acquisition  of  Real  Estate 

The  acquisition  of  property  for  the  right  of  way  for  the  bridge  and 
approaches,  attended  to  by  the  real  estate  and  legal  departments  of  the  Port 
Authority,  has  kept  apace  with  progress  in  construction  work.  In  Fort  Lee, 
New  Jersey,  there  has  been  acquired  70  per  cent  and  in  New  York  14  per 
cent  of  the  total  area  needed.  Based  upon  the  cost  of  the  property  so  far 
acquired  the  indications  are  that  the  estimated  cost  of  the  right  of  way  will 
not  be  exceeded. 

Owing  largely,  to  the  helpful  attitude  of  the  New  York  and  New  Jersey 
Interstate  Park  Commission  an  early  mutually  satisfactory  agreement  was 
reached  relative  to  the  acquisition  and  temporary  occupation  of  part  of  that 
Commission's  property  on  the  New  Jersey  side. 

Approval  of  Approach  Plans  by  Municipalities 

Under  the  provisions  of  the  statutes  the  plans  for  the  approaches  have 
to  be  submitted  to,  and  approved  by,  the  respective  municipalities  in  which 
they  are  located,  the  latter,  of  course,  have  also  to  grant  franchises  and  other 
rights  with  respect  to  the  occupation  of  public  property. 

Consequently,  soon  after  construction  funds  became  available,  steps  were 
taken  to  negotiate  with  the  Borough  of  Fort  Lee,  in  New  Jersey,  and  with 
the  City  of  New  York.  Owing  to  the  comparative  simplicity  of  the  New 
Jersey  approach  plan,  a  satisfactory  agreement  with,  and  approval  by,  the 
Borough  of  Fort  Lee  was  reached  on  April  20,  1927. 

On  the  New  York  side  the  approach  problem  is  vastly  more  complicated 
and  important,  and  great  responsibility  rests  with  the  city  authorities  in 
protecting  the  interests  of  the  city.    Consequently  no  final  agreement  has  as 
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yet  been  reached,  although  substantial  and  satisfactory  progress  Ins  been 
made.  The  city  and  The  Port  of  New  York  Authority  jointly  arc  giving 
careful  study  to  the  planning  of  the  approaches  and  streei  connections  as  well 
as  to  the  broader  phases  of  the  trallic  problems  involved  in  the  construction 
of  a  bridge  of  this  magnitude. 

A  cknowkdfj  merits 

The  Staff  is  indebted  to  many  individuals,  corporations  and  associations, 
who  have  aided  in  this  great  work  by  their  ready  and  helpful  assistance, 
advice,  suggestions  or  information. 

In  ils  traffic  Studies  the  Staff  found  it  necessary  to  make  careful  and 
thorough  checks  upon  the  volume  and  distribution  of  the  vehicular  traffic, 
which  could  be  accomplished  onl\  by  placing  inspectors  upon  the  Hudson 
River  ferries  and  by  obtaining  the  records  of  the  existing  ferries,  and  the 
Staff  wishes  to  acknowledge  its  particular  obligation  to  the  officials  and 
representatives  of  the  Central  Railroad  of  New  Jersey,  the  Pennsylvania 
Railroad,  the  Delaware.  Lackawanna  and  Western  Railroad,  the  Erie  Rail- 
road, the  New  York  Central  and  Wesl  Shore  Railroads,  the  Riverside  and 
Fort  Lee  Ferrj  Company,  the  Dyckman  Street  and  Englewood  Ferry  Corn- 
pain,  the  Westchester  Ferry  Corporation,  the  North  River  Ferry  Company, 
and  the  North  River  Steamboat  Company  for  these  privileges. 

The  Staff  is  further  obligated  to  Major  W.  Griffith  Sloan,  New  Jersey 
State  Highway  Engineer,  and  members  of  his  staff,  for  their  suggestions 
relative  to  the  highways  that  will  lead  to  the  New  Jersey  approach  to  the 
bridge. 

In  Bergen  county,  Mr.  J.  W.  Thier,  Supervisor  of  Public  Roads,  and 
Mr.  R.  C.  McClave,  County  Engineer,  have  rendered  valuable  cooperation  in 
the  study  of  the  New  Jersey  approach  and  highways  to  connect  therewith. 

Mr.  Frederic  A.  Delano,  Chairman.  Mr.  Thomas  Adams,  General  Director 
of  Plans  and  Surveys,  and  Mr.  Harold  M.  Lewis,  Executive  Engineer,  Regional 
Plan  of  New  York  and  its  Environs,  have  offered  many  helpful  suggestions 
and  furnished  information  relative  to  various  phases  of  the  project. 

Mr.  Robert  Ridgway,  Chief  Engineer  of  the  Board  of  Transportation  of 
the  City  of  New  York;  Mr.  W.  C.  Lancaster,  Chief  Engineer  and  Mr.  Daniel 
L.  Turner,  Consulting  Engineer  of  the  Transit  Commission  of  the  State  of 
New  York;  Mr.  H.  M.  Brinkerhoff,  Chief  Engineer  of  the  Westchester  County 
Transit  Commission;  Mr.  Glenn  S.  Reeves,  Assistant  Chief  Engineer  of  the 
North  Jersey  Transit  Commission,  and  the  Commissioners  and  Consulting 
Engineer  of  the  North  Jersey  Transit  Commission  have  given  the  Staff 
generous  assistance  in  determining  the  advisability  of  providing  for  rapid 
transit  service. 

To  Major  W.  J.  Welch,  Chief  Engineer  of  the  Palisades  Interstate  Park 
Commission  and  his  assistants,  acknowledgment  is  made  for  assistance 
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rendered  in  the  preliminary  surveys  and  borings,  in  the  carrying  on  of  con- 
struction work,  and  in  the  studies  for  the  New  Jersey  Approach  and  its 
relation  to  the  Hendrik  Hudson  Drive. 

The  Staff  further  wishes  to  express  its  appreciation  to  Colonel  R.  R. 
Ralston,  United  States  Engineer,  First  New  York  District,  Colonel  W.  B. 
Ladue,  United  States  Engineer,  Northwest  Division,  General  Edgar  Jadwin, 
Chief  of  Engineers,  United  States  Army,  and  the  Honorable  D wight  W. 
Davis,  Secretary  of  War,  for  their  prompt  and  effective  cooperation  in  obtain- 
ing the  necessary  permit  from  the  Federal  Government  for  the  construction 
of  the  bridge. 

In  relation  to  the  important  and  difficult  problems  connected  with  the 
New  York  Approach  the  appointment  of  the  following  engineers  and  other 
officials  to  represent  the  City  of  New  York  and  their  co-operation  with  the 
Staff  of  The  Port  of  New  York  Authority,  is  deeply  appreciated,  viz. :  Mr. 
Arthur  S.  Tuttle,  Chief  Engineer,  Board  of  Estimate  and  Apportionment; 
Mr.  Clifford  M.  Pinckney,  Chief  Engineer  and  Major  John  F.  Sullivan, 
Consulting  Engineer,  Borough  of  Manhattan;  Mr.  Robert  Ridgway,  Chief 
Engineer,  Board  of  Transportation;  Mr.  Edward  A.  Byrne,  Chief  Engineer, 
Department  of  Plants  and  Structures;  Mr.  T.  F.  Keller,  Chief  Engineer, 
Department  of  Docks;  Mr.  Robert  B.  Mclntyre,  Supervising  Statistician  and 
Examiner,  Department  of  Finance;  Mr.  Julius  Burgevin,  Landscape  Archi- 
tect, Department  of  Parks. 

In  the  development  of  the  design  the  Chief  Engineer  of  Bridges  has 
cooperated  closely  with  the  Architect,  Mr.  Cass  Gilbert,  in  whose  charge  has 
been  the  architectural  plans  and  the  perspective  drawings.  He  has  also  had 
the  valuable  advice  of  the  Consulting  Engineers,  Professor  Wm.  H.  Burr, 
General  George  W.  Goethals  and  Mr.  Daniel  E.  Moran,  of  the  Advisory 
Engineer  of  Design,  Mr.  Leon  S.  Moisseiff. 

Mr.  Gustav  Lindenthal  has  been  retained  by  the  Port  Authority  as 
Special  Consultant  to  pass  upon  certain  important  phases  of  the  design  and 
the  Staff  is  indebted  to  him  for  valuable  suggestions. 

Mr.  Joseph  B.  Strauss  who  has  recently  been  appointed  Consulting 
Engineer  has  also  reviewed  the  plans,  and  Dr.  Charles  P.  Berkey,  Geologist, 
has  made  an  elaborate  investigation  of  the  geological  conditions. 

In  connection  with  the  preparation  of  the  plans  and  specifications  the 
Staff  has  had  numerous  conferences  with  manufacturers  and  contractors 
and  has  had  the  benefit  of  their  experience,  more  particularly  regarding  the 
quality  of  materials  and  the  practical  problems  involved  in  the  manufacture 
and  construction. 

Contracts  for  construction  work  have  so  far  been  awarded  to  the  following 
concerns:  to  Osborne  Drilling  Company  of  New  York,  the  borings;  to  Silas  B. 
Mason,  New  York,  Foundation  for  the  New  Jersey  Tower;  to  Foley  Brothers, 
Inc.,  New  York,  Rock  Excavation  for  the  New  Jersey  Anchorage  and 


56 


Progress  Report  on  Hudson  River  Bridge 


Approach,  East  of  Hudson  Terrace;  to  McClintic-Marshall  Company,  Pitts- 
burgh, Pa.,  the  steel  work  of  'l  owers  and  Floor  System;  to  John  A.  Roebling's 
Sons  Company,  Trenton,  N.  J.,  Cables,  Suspenders  and  Anchorage  Steelwork. 
Credit  is  due  to  all  of  these  Contractors  for  the  satisfactory  and  expeditious 
manner  in  which  their  work  has  thus  far  been  executed. 

Finally  the  Chief  Engineer  of  Bridges  takes  this  occasion  to  acknowledge 
the  valuable  assistance  so  far  rendered  by  the  members  of  his  Staff,  as  well  as 
the  hearty  and  efficient  cooperation  of  the  members  of  the  Legal  and  Real 
Estate  Departments. 

Respectfully  submitted, 

(Signed)  0.  H.  Ammann, 

Chief  Engineer  of  Bridges. 

Approved : 

Leon  S.  Moisseiff, 

Advisory  Engineer  of  Design, 
Daniel  E.  Moran, 

Consulting  Engineer  on  Foundations, 

Wm.  H.  Burr,  ' 

Consulting  Engineer, 
Geo.  W.  Goethals, 

Consulting  Engineer, 
Joseph  B.  Strauss, 

Consulting  Engineer, 
Cass  Gilrert, 

Architect. 
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TABLE  No.  I 


TABULATION  OF  BIDS  FOR  FOUNDATION  AND  TOWER  BASES,  NEW  JERSEY  TOWER 

OPEN  COFFERDAM  METHOD 


QumUtiM 

I                                           Cltuiifitalian  pariton 

Open  cofferdams  in  place    Lumpsum 

Cement   65,000bbls. 

l"i  undation  work  lietween  elevation  -15  and  -50   22,300  c 

Hock  excavation  between  elevations  -15  and  -50    2,000  c 

Foundation  work  between  elevations -50  and -60  .  4,200  c 

Hock  excavation  between  elevation  -50  and  -60  2,400  c 

Foundation  work  between  elevation  -60  and  -70   1 ,600  c 

Hock  excavation  between  elevations  -60  and  -70   1 ,200  c 

Foundation  work  between  elevations  -70  and  -80    500  c 

Hock  excavation  lietween  elevations  -70  and  -80    400  c 

Foundation  work  below  elevation  -80    200  c 

Hock  excavation  below  elevation  -80   150  c 

Concrete  or  Cyclopean  masonry  in  tower  bases   13 ,400  c 

Granite  facing   1 ,460  c 

laying  granite  facing   1 ,460  c 

lleinforccrucnt   800,000  lbs. 


Silas  D.  Mason 


$580,000 
156,000 
133,800 
16,000 
25 .200 
19 ,200 
9.600 
9,600 
3,000 


6  00 
8  00 
6  00 

12  00 
6  00 

12  00 
6  00 

45  00 

15  00 
0  04 


1.200 
1,800 
80 .400 
65 .700 
21 ,900 
32  .000 


 no  Construc- 
tion Corporation 
op  Delaware 

Unit 

prite  A  mount 

  $582,000 

$3  00  195,000 

6  00  133.800 

10  00  20.000 

6  50  27 ,300 
20  00  48,000 

7  00  11.200 
22  00  26,400 

7  50  3,750 

30  00  12,000 

25  00  5  ,000 

50  00  7,500 

6  00  80 .400 

40  00  58 ,400 

22  00  32,120 

0  OS  40 ,000 

51,2112.870 


Unit 

price  Amount 

  $0011,000 

$1  60  104.000 

13  00  289,000 

20  00  40 ,000 

13  00  54,600 

20  00  48 ,000 

13  00  20,800 

20  00  24.000 

13  00  6,500 

20  00  8 ,000 

13  00  2,600 

20  00  3 ,1100 

11  00  147.400 

40  00  58.400 

30  00  43,800 

0  05  40 .000 

$1,881,000 


  $51111.0110 

$1  00  200.000 

27  00  602.100 

13  00  26.000 

27  00  113.400 

13  00  31 ,200 

27  00  43  ,200 

18  00  21 ,600 

27  00  13 ,500 

20  00  8,000 

27  00  5.400 

23  00  3.450 

10  00  134,000 

40  00  58 .400 

20  00  29.200 

0  06  48.000 

$1,897,450 


  $1,1211.111)0 

$3  SO  227.500 

7  SO  167,250 
20  00  40,000 

8  00  33 .600 
20  00  48.000 
10  00  16.000 
20  00  24 .000 
25  00  12.S0O 
30  00  12,000 

40  00  8,000 
50  00  7,500 

7  SO  100,500 

41  00  59,860 
25  00  36.500 

0  08  64.000 

$1,985,210 


Unit 

  $1,218,000 

$3  50  227.300 
12  00  267.6011 

 i   i 

12  00  50,400 

22  00  52,800 

12  00  19,200 

22  00  Jo.  

12  00  6,000 

22  00  8,800 

12  00  2,400 

22  00  3,300 

12  00  160,1100 

80  00  116.800 

20  00  20.200 

00  075  60,000 

$2,293,200 


TABLE  No.  II 


TABULATION  OF  BIDS  FOR  FOUNDATION  AND  TOWER  BASES,  NEW  JERSEY  TOWER 

PNEUMATIC  CAISSON  METHOD 

The  AnmitFi.  Frederick  Snai 


W.  II.  Gahaoan 


I  ClattificQtiim 

Pneumatic  caissons  ready  to  sink  

Cement  

Foundation  work  between  elevations  -IS  and  -50  

Rodk  excav.  above  culling  edge  between  elevations  -IS  and  -50.  . 
I  ii.ii  below  cutting  edge  of  inat'ls  other  than  rock  bet .  elevations 

-15  and  -50  

Excav.  of  rock  below  culling  edpe  between  elevations  -15  and  -50  . 

Foundation  work  between  elevations  -50  and  -60  

Rock  excav.  above  Dotting  edge  between  elevations  -50  and  -60. 
Lxt  million  beluw  cot  linn  edge  of  material*  other  than  rock  between 

elevations  -50  and  -60 .   

Excav.  of  rock  below  cutting  edge  bet.  elevations  -50  and  -60.  . 

Foundation  work  between  elevations  -60  and  -70  

Rock  excav.  above  cutting  edge  between  elevations  -60  and  -70. 
Excavation  below  cutting  edge  of  materials  other  than  rock 

between  elevations  -60  and  -70  

Excav.  of  rock  below  cutting  ed^e  l>et.  elevations  -60  and  -70.  . 

Foundation  work  between  elevations  -70  and  -80  

Rock  excav.  above  cutting  edge  bet  elevations  -70  and  -80  

Excavation  below  cutting  edge  of  materials  other  than  rock 

between  elevations  -70  and  -80  

Excav.  of  rock  below  culling  edge  bet.  elevations  -70  and  -80 

Foundat  ion  work  below  elevation  -80  

Rock  excavation  above  cutting  edge  below  <  levation  -80  

Excav.  below  cutting  edge  of  mut'ls  other  than  rock  below  elev.  -80. 

Excavation  of  rock  oelow  cutting  edge  below  elevation  -80  

Concrete  or  cyclopean  masonry  in  tower  buses  

Granite  facing  

1  .living  gnimli'  facing 


Ouanttlir 

Company 

CoRP 

C..HP 

Corporation 

Incorpiiratro 

Co 

F 

111, IN  I  n 

U 

Unit 

Unit 

Unit 

Unit 

Unil 

Unit 

wmparuor. 

pr 

<* 

Amount 

print 

''"">""' 

price 

Am 

°»»' 

prim 

Amount 

price 

Amaat 

priee 

Amount 

pr 

B> 

Amount 

$788 ,400 

$318 ,000 

$600 .000 

$126,780 

$518,790 

$1,300,000 

60 ,00(1  bids. 

$2 

25 

135 ,000 

(2  10 

126.000 

$2  30 

138 

000 

$2  90 

174,000 

$2  60 

156,000 

$3  50 

210,0110 

« 

00 

210 .000 

22 ,300  c.  y. 

5 

00 

111 ,500 

23  00 

512 .900 

24  00 

535 

200 

20  00 

416 .000 

37  00 

825,100 

22  00 

199,61111 

512,900 

600  c.  y. 

40 

00 

24,000 

23  00 

13 ,800 

20  00 

12 

000 

30  00 

18 ,000 

30  00 

18,000 

80  00 

■18 ,000 

33 

00 

19,800 

300  c.  y. 

00 

3  ,000 

27  00 

30  00 

9 

000 

30  00 

9,000 

20  00 

6,000 

33  00 

9 ,900 

23 

00 

6,900 

1 .400  c.  y. 

15 

00 

21 ,000 

27  00 

37 ,800 

20  00 

28 

000 

50  00 

;tl  .lint) 

30  00 

42 ,000 

80  00 

112,000 

33 

III! 

16 ,200 

4,200  c.  y. 

50 

2,100 

15  00 

63,000 

30  00 

126 

000 

50  00 

210,000 

30  00 

126,000 

22  50 

94,500 

23 

99 

96 .600 

400  c.  y. 

50 

00 

20,000 

28  00 

11,200 

20  00 

8 

000 

40  00 

16 ,000 

30  00 

12,000 

80  00 

32,000 

33 

00 

13.200 

200  c.  y. 

20 

00 

4,000 

30  00 

6,000 

30  00 

6 

000 

30  00 

6,000 

20  00 

4,000 

40  00 

8,000 

23 

00 

4 .600 

2 ,000  c.  y. 

20 

00 

40,000 

35  00 

70 .000 

20  00 

40 

000 

50  00 

100 ,000 

30  00 

60 ,000 

85  00 

170.000 

33 

00 

66 .000 

1,600  c.  y. 

50 

800 

12  00 

19,200 

38  00 

60 

800 

50  00 

HO  ,111111 

30  00 

48 ,000 

25  00 

40 .000 

23 

00 

.16.800 

400  c.  y. 

50 

00 

20,000 

28  00 

11,200 

30  00 

12 

000 

50  00 

20,000 

40  00 

16,000 

110  00 

44  .ooi) 

33 

00 

13 .200 

200  c.  y. 

30 

00 

6,000 

30  00 

6,000 

30  00 

6 

000 

30  00 

6,000 

20  00 

4,000 

50  00 

10.000 

23 

00 

14,600 

800  c.  y. 

25 

00 

20 ,000 

35  00 

28 ,000 

30  00 

24 

000 

70  00 

56,000 

40  00 

32 ,000 

110  00 

88 ,0011 

26 . 100 

500  c.  y. 

10  00 

5 ,000 

45  00 

500 

30  000 

15 ,000 

20,000 

23 

99 

100  c.  y. 

60 

00 

6.000 

40  00 

4,000 

35  00 

3 

500 

80  00 

eiooo 

30  00 

3  !000 

150  00 

15,000 

33 

00 

3  !300 

50  c.  y. 

40 

00 

2.000 

40  00 

2,000 

40  00 

000 

40  00 

2.000 

15  00 

750 

70  00 

3,500 

23 

00 

1,150 

300  c.  y. 

30 

00 

9.000 

55  00 

16,500 

40  00 

12 

000 

80  00 

24,000 

40  00 

12,000 

150  00 

45 .000 

33 

99 

9.900 

200  c.  y. 

50 

100 

10  00 

2.000 

45  00 

9 

000 

80  00 

16,000 

30  00 

6,000 

80  00 

16,000 

23 

00 

4,600 

50  c.  y. 

60 

00 

3,000 

45  00 

2,250 

40  00 

000 

75  00 

3,750 

10  00 

500 

160  00 

8.000 

33 

00 

1.650 

50  c.  y. 

40 

00 

2.000 

42  00 

2.100 

40  00 

000 

75  00 

3,750 

10  00 

500 

90  00 

4.500 

23 

00 

1.150 

100  c.  y. 

30 

00 

3.000 

60  00 

6.000 

40  00 

4 

000 

100  00 

10,000 

50  00 

5.000 

160  00 

16,000 

33 

00 

3 .300 

13,400  c.  y. 

5 

50 

73 ,700 

13  80 

184,920 

9  00 

120 

600 

12  00 

160 ,800 

13  25 

177,550 

10  00 

134,000 

10 

00 

131.0011 

1 ,460  c.  y. 

35 

00 

51,100 

39  00 

56,940 

39  00 

56 

940 

50  00 

73 ,000 

41  00 

59 .860 

41  00 

59 ,860 

40 

99 

58 .400 

1 ,460  c.  y. 

20 

00 

29 ,200 

10  00 

14,600 

20  00 

29 

200 

20  00 

29,200 

61  00 

89 .060 

25  00 

36 ,500 

20 

99 

29 .200 

Lump  sum 

24 ,000 

28.000 

25 

500 

1,000 

36 .000 

35  .000 

36 ,000 

TOO  .000  lbs. 

OS 

35  ,000 

06 

42.000 

05 

35 

000 

05 

35,000 

08 

56 .000 

08 

56 .000 

06 

12 .000 

$1,434,450 

$1,597,510 

$1,829,240 

$2,207,500 

$2,237,100 

$2,325,150 

$2,723,350 

oooomoooooooirtooooo 

,  O  LO  O  OMOlO  O  O  in  O  O  CM  o  o  o  o  o 

5  ©  rj<  m  m  \©  m  \o  ©  ©  i— i  ©  ©  on  m  m  ©  cm 

<y?  .»«..»...«.•...«.•...... 

r-ti-(r-li— lr-1.— lrH,-l,-lr-tr-l.-lr-li-li-<CM 
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TABLE  No.  IV  —  TABULATION  OF  BIDS  FOR  STEELWORK 
WIRE  CABLE  DESIGN 


M,  I  .1  I  \7  ]  I  Mm 


ed  bolta  and  rollers  

iins  and  details  B.  those  spec,  in  Item  1 
in-  anil  pin  details  for  embedment  intone 


>  


n  floor. 
Nirlul  Heel  In  floor 
Ileum-  mill  In'  rods  ir 
|'i  ■  U  ■  I  and  cohi  ir 

<  ■■  ill  .   


Comparison 
57.200.000  Uw. 
170.000  Ibt 

l7O,00OLf. 
40,0001  f. 
"  330,000  lbs. 
000  Ib- 

I'll".  II,- 

700.000  lbs. 
870,000  0m, 

6(10.00(1  It.H. 

BOO, 000  Dm 

70(1.000  lb- 

140,000  11'- 


Unil 
to  161 


UnU 
$0.1781 


Reinforcing  steel  in  the  (in,  borate  

Lyrlmm  imtiol  to  ilcatmclion  anil  passing  the  lc.it 
\\  nipping  wire  


29,200  c,  y. 

2'1'V   II,. 

270,000  Lhf 
it'so.t  II- 


3  00 
7.50 
.062 


oh;,. 000 
212,000 
I.V'.OOO 
24,000 


71.820 
l,r,22.ooo 
t,:,,goo 
I9ii.20i> 
101.010 
835.750 
2A.00O 
131.  100 
2l9.00n 
12,400 
2IS.190 
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FoUl  hid  nrice   $22,746,620 

Additional  interest  cast  to  I1  A  for  simultaneous  erection    260.000 

Total  for  comparison  of  bids    $23,026,620 


McClinUc  

It.  il,  BtMl  Co 
Amcr  Hr.  Co. 


McClintic  

Belli.  Slwl  Co.  . 
Belli.  Slrrl  Co 


10.305.220  00 
10,  111.  110  00 
10. 621. 020  00 
10,305.220  00 


10.610.010  Oil 

10,184,440  "0 
11.113.670  00 

10, (,21.02(1  oo 


CnUBIV\Tin\  (iF  Hll» 
Bidder  Conlract-SB 

Roabli&fl   $12,339,977  00 

Ui,.'MiriK    12.339,977  110 

Amer  Cubic  12.6113.  lofl  III 

IWl.linjt   12.339,977  (10 

Amer  Cable  I2.683.16B18 

Amcr.  Cable  12.683.168  18 

Amer.  Br.  Co   13,985,605  00 

Amer  Br.  Co   14,979.455  00 

Amer  llr  Co  13,985.605  00 

Amcr  Br  Co.  14,979.4^5  00 


790.760 
2 1  7.500 
510.000 
11,000 
678.025 
97.110 
2,827.200 
1,061,750 
89,175 
1,736.200 
979.100 
181,750 
156,160 
I , 197,000 
26.720 
164.250 


t  Eyebor  cable  deiitrn 


Entirt 
$leelwork 
•122,474,417  00 
•22,615.197  00 
•22,817.608  IB 
•22.960.977  00 
•22.988.3Bfl  18 
•23.026.620  00 
•23,301,188  18 
124.185.370  00 
121.625,645  00 
•21,670.800  00 
•25.113.895  00 
t2S. 129.275  00 
•25.600.475  00 
t2S.962.020  00 


TOWERS  AM)  FLOOR 
A I  cCuivti  o-Mamhui 


lauiiieun  Bridoi 


!Ij:tiii  kijrh  Stem.  Co 


Dehmiption 

1  Cnrlion  sled  in  towers 

2  Carbon  Bled  in  QoOr 

lien,  6  

3  Silicon  steel  in  towers 

4  Silicon  steel  in  1 1. .  r 
-,     Nick,!  -feel  in  IWr 

8  Bronze    '  f^.!^.!^ 

9  Cement  

10  Concrete  


UnU 
price 
$0,091 


UnU 

Amount  price 
$2.761,.  100  $0,093 


I3.70n.000  lbs. 
47.600,000  lbs. 
ll.80n.000  lbs. 
4.7U0.000  Ihs. 
2,110.000  lbs. 
100.000  lbs. 
20.0UO  lbs, 

i.boo  i.i.i- 


(2.827.200 
1.861.750 


,0915 
1095 
071S 


CABLES,  SUSPENDERS  AND  ANCHORAGE  STEELWORK 

Hobbling 'a  Sons  Co.      American  Cable  Cot 


CM,- 

Hi  nt  ' 

Eyeb 


a  Item 


tsepl 


•tajoe  o.  inn  and  details  for 

Tnbi-dini'iil  in  concrete  

Suspender  ropes  

Hand  ropes.  

Carbon  -tee]  necpl  thai  -pc<  ilicil 


c  aIta 


Reinforcing  st 
Wrapping  «  ir 


inl.T-  for 


170.000  lbs. 

lToIfMlO  lT 
40.000  I  f, 

7.330.000  lbs. 

1,660.000  lbs. 

117(1,  )  lbs 

5. 150.000  lbs, 
20.000  lbs. 
42.000  bbli. 
28,000  c.y-  1 
200,000  lbs. 


t  cost  to  P  A.  for  simultaneous  t 


UnU 

$9,009,000  $0  153806 


8.000  ,711 

132,300  3.182 

2BO.0(W  6  375 
11.000 


0612 
09711 


$12,683,168  18 


1.796.800 

1.089,  [U 
l,'i02.H0(> 
1.079.711(1 
511.650 
171.160 
21.100 
17,  100 

5.100 
19.560 


89.175 
1.171,200 
13,360 


TABLE  No.  V— TABULATION  OF  BIDS  FOR  STEELWORK 


EYEBAR  CABLE  DESIGN 


ENTIRE  STEELWORK 

American  Br:dge  Co. 


Description 
Urul  trcHled  rM-lnirs  in  riili!i>.  I»l«nn  iiiuIionirc 

|)Mll   111,20(1.000  His. 

1 1ml  IriTiliil  pin*  .Mi-.  pr  tliiiw  njin  iliiil  in  llrm  'I.  5,6-10,000  lb*. 


McCLINTIC-lMvnSMALL 


Desciuption 
CpirlHin  -.I.tI  in  Iowith.  .  . 
Cnrimn  lied  in  Moor  i-vo'pt  Ihul  ii 


tuwkhs  \m>  n.onn 

McCurvTic- Marshall  American  Bridge  Co.  Bethlehem  Steei.  ( 


Unit 
$0. 087 


Unti 

Amount  price 
12.801.100  $0  01185 


1.021.2 

,i.2(.i.«: 

l.OSJi.C 


077S 
.0955 
.0835 


$2.81". TOO  (0  087 

I .069.300  .0795 
-...1111,000  .099 
i.(mr..soo  ooir, 

250,00(1  1093 
156.160  .0715 


>t  Uid  vifiedinltcmlS 


1.1180.000  IU 

1 2  :  "ii  ii- 

I  l  1111(1  IMMI  it.. 
I.  too. 000  ii 

■'  (  - 

 '  

2.500.000  Ih» 

-■   H  II- 

IHHI.OIKI  It,. 

1'  - 

37.800  IjIjIs 
25.200c  y. 
190,000  lbs 

3. 700. 000  lb* 


i  \m.i>.  m  M'i,\i>];n>  v\n  w  hi>h\<;k  sicuuohk 


Description 

1  |i-iit  I  triil. *1  r\rlmr>  in  .  iiI.Ii-m.  1..  I  miri  urn  Iinr.i,.'.-  |-i-l  . 
Ural  trcnlnl  pirn  -n  .pi  IhoM  tpi-oficd  in  Item  4.  . 

Hcul  I  rented  .->.'li..rs  ii  (humid"!  ■»  •       '  f   It' ill  1 

Heat  Ircoted  cychnr*.  pin*  and  detail*  embedded  in  concrete 

Suspender  ropes  

Hand  ropes  .  

Citlinri  .In  I  I'ln  pl  trm I         iJuil  in  III  in  11 

Curl*.!)  -t.-  l  (fin),  r.  ;n  I  L'nll.lm-.H  f..I  . iiili.din.nt  >f)  i.ini'frl.- 

Silicon  i.  ■  I   

Cast  steel  end  cast  iron  

Cement . .  

Concrete    

Beinfim  iritf  uteri  in  nni  liornxr* 

Hetit  treated  lubars  H*it«l  U>  ileslrui  Imn  puuinu  irtu 
Tutid  hid  price 


5,6in,( 
«.?'«>.( 
I  .TdiM 


AVF^Y 


\ 


